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Somewhere east of
The U. S. Army Corps of Engineers is con-
structing this operational intercontinental
missile base in Wyoming. In front of the
partially completed Launch and Service Build-
ings are Col. Sidney T. Martin, in charge of
construction, and Maurice K. Graber, a con-
struction engineer for the Corps.
This is the inside of the blast pit of one of the
launcher buildings. In all six of these build-
ings there are 1,040 tons of structural steel,
1 ,950 tons of reinforcing steel, over 48,000 tons
of concrete aggregate, blocks and cement,
and 8,040 tons of mechanical steel items.
Laramie, on one of Wyoming's
plains, you'll find the strangest
government housing project ever
built. Six concrete and steel build-
ings are being constructed to house
Atlas missiles. The site is one of the
operational intercontinental missile
bases to be operated by the Strate-
gic Air Command. This base is being
constructed on the surface. Others
will burrow deep into the earth.
Generally, the missiles are all
you ever hear or read about. Ac-
tually, they're only a small part of
the missile program. Most of the
manpower and material go into
ground support equipment. There
are over 11,000 tons of steel and
over48,000tons of concrete aggre-
gate, blocks and cement in the six
launching service buildings at this
site alone.
United States Steel can supply
virtually all of the material for a
missile program — carbon steels,
high-strength low-alloy steels, ultra-
high-strength alloy steels, Stain-
less Steel, steel fence, electrical
cable, cement and wire rope.
The success of our whole missile
program depends upon these ma-
terials. And upon manpower. Here's
where you fit in: it takes trained en-
gineers and men of many other pro-
fessions, such as those interested
in financial analysis or sales to
research, develop and produce
these steels. If you would like to
have information about the many
career possibilities at U.S. Steel,
send the coupon.
Fuel lines and process piping are Stainless
Steel and operate at pressures up to 15,000
psi. The pipes are kept almost surgically clean
to prevent contamination of fuel and subse-
quent malfunction. Vapor degreasing and
chemical cleaning processes are used on
the pipes.
(USS) United States Steel
The Atlas is powered
by a cluster of liquid
propellant rocket en-
gines that burn liquid
oxygen and RP-1. a
kerosene-like hydro-
carbon fuel. 192 pres-
sure tanks fabricated
from alloy or Stainless
Steel plate at this site
store liquid and gases
—liquid oxygen and ni-
trogen and helium
gases which are used
to inject the fuels into
the missiles.
United States Steel Corporation
Room 6071. 525 William Penn Place
Pittsburgh 30, Pennsylvania
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Set your sights for
world-wide job opportunities
Phillips offers outstanding career
opportunities in your chosen field.
The sun never sets on Phillips world-wide operations.
And because Phillips is one of America's largest and
most diversified companies producing and marketing
petroleum, natural gas, natural gas liquids and petro-
chemicals, you can select a career that matches your
interests and your education.
You may be interested in research and development
concerned with atomic energy . . . exotic fuels . . . s\'n-
thetic rubber . . . plastics . . . fertilizers. Or in processes
for improved motor fuels, lubricants and other petroleum
products. There are many other career opportunities,
too, in geolog>', geophysics, computer programming,
marketing, production and transportation.
Promotion from within. PhiUips policy of moving
people up all along the Une . . . transferring them from
within the organization . . . provides plenty of room to
grow. It creates a favorable climate and incenti%e for
ambitious, competent, young engineers and scientists to
become the key men of tomorrow.
Aggressive ne'w expansion by PhiUips in three
major growth industries— oil. natural gas and chemicals
—has contributed to a unique stabihty which offers
broad opportunities for future development.
Arrange for an interview, through your Placement
OflBce, when the Phillips representative visits your cam-
pus. .And write today to our Technical Manpower Divi-
sion for the latest brochure describing career oppor-
tunities at Phillips,
PHILLIPS
PHILLIPS PETROLEUM COMPANY
Bartlesviile, Oklahoma
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Things we know about tomorrow:
•I
Mi
10,000 traffic signals controlled by a computer.
Imagine a computer that could solve the downtown
traffic problem. This is the long-range potential of a
new kind of computer invented by Wcstinghouse, one
that "learns" by experience, and adapts instantly to
changing problems. One pilot model has been running
a refinery process. Tomorrow this new-concept com-
puter will improve the making of cement, paper, and
almost anything else made by a continuous process.
Compared to standard computers, it will be smaller,
cheaper, more reliable.
Interest in tomorrow is one reason Wcstinghouse
is the best place for talented engineers. For more rea-
sons, write L. H. Noggle, Wcstinghouse Educational
Department, Pittsburgh 21, Pa.
You can be sure ... if it's
Westinghouse
On the riddle of
rolling friction
General Motors is pioneering research into the mystery of energy losses in the rolling ball. With a unique
measuring device (above), investigators have not only confirmed the hypothesis of how a rolling ball loses
energy (Answer: elastic hysteresis), but have also learned where this lost energy is dissipated (Answ^er:
in the interior of the material, not on the surface).
The effectiveness of automation depends upon tiie ingenuity of the scientist and engineer. If
you are about to begin a career in the field of technology you'll benefit yourself by working
where ingenuity and enthusiasm pay off. At General Motors they do, and in a big w^ay.
What is your main interest? GM's diversification covers many fields. Automotive research,
production engineering and manufacturing, electronics and astronautics are just a few. With
so many and varied divisions, GM can offer men who qualify the choice of specialization or
the opportunity to work on vastly different projects.
If you are an undergraduate, or if you are working on a postgraduate degree, GM has a
financial aid program that you should look into. For complete information, w^rite to General
Motors, Personnel Staff, Detroit 2, Michigan.
GENERAL MOTORS
GM positions now available in these fields for men holding Bachelor's, Master's and Doctor's degrees: Mechanical, Electrical, Industrial, Metallurgical, Chemical,
and Ceramic Engineering • Mathematics • Industrial Design • Physics • Chemistry • Engineering Mechanics • Business Administration and Related Fields
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Is there a future for you in a chemical company?
At Monsanto, definitely yes. Mechanical and elearical
engineers carry kev responsibilities in Monsanto en-
gineering and management. You will have unique
opportunities for broad application of your profes-
sional skills as well as opportunities for specialization
in engineering, plant operations, research and
development.
Mechanical Engineers..
• Plant design and layout
• Equipment selection
• Materials specification
• Design of new and unique equipment
Plant engineering
Construction
Specialization in the fields of fluid
mechanics, stress analysis, heat
transfer, etc.
Electrical Engineers...
• Design of electrical systems • Power distribution and substation design
• Process control instrumentation • Automated process systems engineering
• Applied research • Equipment evaluation and selection
Want to hear more? We hope you will arrange through
your Placement Director to
see our representative when
he visits your campus, or write
Professional Employment
Manager, EM-1, Monsanto
Chemical Company, St. Louis
66, Missouri.
Monsanto
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... is a rare and marvelous possession. It is to be
coveted and protected—nourished and encouraged
—
given
freedom for expression, and, at the same time,
intelligent guidance.
At Delco Radio Division of General Motors we have
an appreciation for talent—the kind of talent which led
Delco to a position of leadership in the fields of
electronics and solid state physics.
Armed with this background and men of proven
abilities, we intend to assault the challenges of the future.
We have unusual opportunities for ambitious young men
with new ideas
—
new talent. If you're interested in becoming
a part of this aggressive Delco, GM team, write to
Mr. Carl Longshore, Supervisor—Salaried Employment,
for additional information—or talk with our
representative when he visits your campus.
ELCO Radio Division of General Motors
KoKOMO, Indiana
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From the Editor's Desk
Our Waning Technology — A Critical Problem
The world we live in is an extremely competitive one. Whether or not we want to admit
It, we have entered into direct competition with Russia. Day-by-day this competition inevitably
creeps into every area of our daily existence. We are literally engaged in a fight for survival.
One of the most crucial areas of competition is the struggle for technological supremacy
in science and engineering. Already the Soviets have clearly wrested the lead from us in many
areas of nuclear and space developments, despite protests to the contrary. And there are other
signs of our losing battle in technology.
In 1950, when the difference in political ideologies and increasing international com-
petition between the United States and Russia became clearly apparent, we had approximately
100,000 more trained engineers than the Soviets did.
Today, the USSR not only has more trained engineers than the U. S., but continues to
pull away by an ever-v/idening margin! The Soviet Union is currently graduating 90,000 engi-
neers annually—double the number of U. S. engineering graduates.
Our government is not unaware of this untenable situation, nor of the consequences
should it be allowed to continue. The problem is under study by a special President's Commit-
tee and last year a government student loan program was put into operation.
Meanwhile, the problem grows steadil/ worse. A recent survey by the Engineering
Manpower Commission estimates a fifty perceit increase in the need for engineers in Ameri-
can industry in 1966. Yet, U. S. educators tell us that each year as many as 200,000 of our na-
tion's most talented high school graduates do not go on to college and that freshman engineer-
ing enrollments are decreasing.
This tremendous waste of talent has prompted the establishment of a considerable num-
bsr of scholarship foundations. Some of them, like the Hertz Foundation, specialize in engineer-
ing grants. Such non-profit organizations hove been of tremendous help to large numbers of
students. But even the financial resources of these groups are inadequate to cope with the prob-
lem singlehandedly.
What then is the key to turning the tid3 and finding a winning combination? What can
America, who was the traditional leader do to ragain its inherent leadership position?
Many Americans do not realize that they can make an individual contribution by sup-
porting science and engineering interest among our youth, by encouraging them to take sci-
ence and mathematics courses in high school, by seeing to it that the local high schools pro-
vide the proper guidance and training for college, by encouraging the pursuit of a science or
engineering career and finally by financial assistance.
Donations made to government-recognized scholarship foundations are tax deductible
and, surprisingly, the amount donated need not necessarily represent a huge sum. A few of the
Foundations will absorb any administrative costs incurred in processing such sponsored
scholarships and apply the full amount donated exclusively to student assistance.
The need is there. The decision is yours.
-C. H. J.
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HEART OF THE POWER-SEAT MECH-
ANISM . . . Two slave units, on the left
and right sides of seat, are driven by flexi-
ble shafts to provide three-way motion.
A single !4 -hp motor attached to a
geared drive unit is the power source.
Flexible shafts rotate at 1250 rpm, carry
9 in. -lbs. of torque at running load (three
persons ) and 1 5 in. -lbs. at full stall speed.
Flexible Shafts Solve Space Problems in Chrysler Power-Seat
Chrysler Corporation faced a design challenge
in its power-operated seat adjuster. Six-way mo-
tion was called for: fore and aft, up and down,
and tilt. Yet there was limited space under the
seat for the mechanism. After much Chrysler
testing and development, a design submitted by
subcontractor Ferro Stamping Company was
approved, utilizing flexible shafts.
According to Chrysler, the decision to go to
flexible shafts was based on the following ad-
vantages :
1. SPACE ECONOMY... "flexible shafts pro-
vided means to transmit power from a single elec-
tric motor, without compromising seat design."
2. REDUCED STRESSES ., ."flexible shafts
act as torsion bars to reduce motor armature
stresses induced when the mechanism was
stopped or stalled suddenly."
3. RELIABILITY..."not a single shaft fatigue
failure reported from the field to date."
4. LOW COST. . ."flexible shafts definitely rep-
resented savings without sacrificing design ad-
vantages."
Investigate for yourself how flexible shafts
can solve many of your design problems and at
the same time reduce costs!
S. S. WHITE INDUSTRIAL DIVISION, Dept. C-2, 10 East 40th Street, New York 16, N.Y. io.8
THE S. S. WHITE FLEXIBLE SHAFT HANDBOOK
New 4th Edition
. .
. Send for your free copy!
This authoritative handbook has been
recently revised to include new selec-
tion and application data for S. S.
White Standard
. . . Pre-engineered
. . .
Custom-designed flexible shafts.
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AT HUCaiES THE DIVERSITYOF ELECTRONICS
ACTIVITY AT HUGHES PRO-
VIDES AN IDEAL ENVIRON-
MENT FOR THE GRADUATING
ENGINEER OR PHYSICIST.
THESE ACTIVITIES INCLUDE:
Polaris Guidance Development
Army/Navy Connputer Systems
Space Ferry
Fixed Array Antennas
Fire Control Radar Systems
Pulsed Doppler Radar and
Anti-Submarine Warfare
Naval Tactical Display Systems
3-Dimensional Radar
Air-to-Air Missiles
Space Propulsion Systems
Tunnel Diodes
Infrared Devices
Satellite Active Repeater
Development
Wide Band Scanning Antenna
Feed Systems
Microwave Antennas and
Radomes
Guidance and Navigation
Computers
Satellite Communication
Systems
Satellite Reconnaissance Drone
World-Wide Communications
Netw/orks
Command Control and
Information Processing
Micro-Electronics
Linear Accelerators
Gamma Rays
Nuclear Fission
Remote Handling Devices
Photoconductive Materials
Electroluminescence
Solid State Display Devices
Terminal Communications
Line-of-Sight UHFand
VHF Relay Systems
Air Traffic Regulation and
Landing System
Pincushion Radar
Logi-Scale General Purpose
Computer
Radar Closed Loop Tester
Missile-Range Stiip
Instrumentation
Precision Trajectory
Measurement System
Space Vefiicle Subsystems
Telemetering Systems
Radiation Sources, Detection,
Handling Equipment and
Effects Analysis
Inertial Missile Guidance
Systems
Machine Tool Controls
Microwave Tubes
Transistors and Diodes
Rectifiers
Thermal and Magnetic Relays
Crystal Filters
Digital Components and Devices
Plasma Physics Research
ELECTRICAL ENGINEERS AND PHYSICISTS
B.S., M.S. or Ph.D. (Mid-Year and June Graduates)
Members of our staff will conduct
CAMPUS INTERVIEWS
November 3 and 4, 1960
Find out more about the wide range of programs, unique
Professional Register, advanced educational programs and
relocation allowances offered by Hughes.
For interview appointment or informational literature consult
your College Placement Director. Or write Hughes College
Placement Office, P. O. Box 9051 5, Los Angeles 45, California.
CREATING A NEWWORLDWITH ELECTRONICS
HUGHES
I
I 1
HUGHES AIRCRAFT COMPANY
Culver City. El Segundo. Fullerton,
Malibu, Newport Beach, Oceanside,
Los Angeles, Calif.; Tucson, Arizona
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Biggest thirst in the universe
I
Each 6,000,000 pound thrust rocket ship now being planned for manned
interplanetary exploration will gulp as much propellant as the entire capac-
ity of a 170 passenger DC-8 Jetliner in less than 4 seconds! It will consume
1,140 tons in the rocket's approximately 2 minutes of burning time. Required
to carry this vast quantity of propellant will be tanks tall as 8 story buildings,
strong enough to withstand tremendous G forces, yet of minimum weight.
Douglas is especially qualified to build giant-sized space ships of this type
because of familiarity with every structural and environmental problem
involved. This has been gained through 18 years of experience in producing
missile and space systems. We are seeking qualified engineers and scien-
tists to aid us in these and other projects. Write to C. C. LaVene, Box 600-M,
Douglas Aircraft Company, Santa Monica, California.
Dr. Henry Ponsford, Chief, Structures Section, discusses valve and
fuel flow requirements for space vehicles with 1^^ I I ^ I AQ
Donald W. Douglas, Jr., President of UU UULMO
MISSILE AND SPACE SYSTEMS MILITARY AIRCRAFT DC-8 JETLINERS CARGO TRANSPORTS AIRCOMB® GROUND SUPPORT EQUIPMENT
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Dow means an attitude toward
research, resources, results
RESEARCH. "Find the truth of a matter first, then adapt that
truth to the industrial needs of the day." This is the attitude
of the research stall of The Dow Chemical Company. In
new and expanded facilities across the United States, in
Canada, and overseas, Dow research continues to embody
this philosophy on which the company was built. It is note-
worthy in the history of Dow that parallel to the steady
growth of the compan\ has been a steady increase in the
number of research personnel. With this attitude toward
research. Dow w ill continue to find and invent new and better
processes and products, and at the same time to offer the re-
search-minded person an ideal atmosphere for development.
RESOURCES. NMien someone told Herbert H. Dow that there
wasn't enough bromine available in the earth, he made his
now famous statement. "We'll have to mine it out of the
ocean, then." This is characteristic of the Dow attitude
toward resources. It is true that the chief raw materials for
virtually all the Dow products are sea water, brine, petro-
leum, coal, and oyster shells. It is also true that the Dow
attitude tow ard resources has led to an extremely broad and
beneficial exploitation of these common materials. Dow
thoroughness in the handling of all resources has led to the
industry axiom, "If its Dow, it"s backed by complete
technology."
RESULTS. Even with such a short list of raw materials as
Dow employs, a complete exploration of these materials will
take \ou into medicine and biochemistry, agriculture, metal-
lurgy, dyestuffs, solvents, plastics, and just about every other
field as well. And Dow gets results. Many of these bear
well-known names like saran and Saran Wrap*. Dowgard*,
St\rofoam5, Lurexi', and hundreds of others. And the end
is not in sight. Each new product suggests its successor, and
it's the rare item that can't be improved. Hence, as it must
be in every healthy company, every effort is made at Dow
to see that research produces new results from the available
resources.
To learn how you can find a part in the Dow Opportunity,
visit, or wTite to the Technical Employment Manager at one
of the locations listed below. 'Trademark
Californla-Pittsburg, Seal Beach • Colorado-Rocky Flats • Iliinois-The Dow Metal Products Company, Madison • Louisiana—Plaquemine
MossachuseMs-Eastern Research Laboratory, Framinghom • Ohio-The Dobeckmun Company; Dow Industrial Service, Cleveland
Oklohoma-Dowell Division, Tulsa • Texas—Freeport • Virginia—Williamsburg • Canada—Sarnia, Ontario
THE DOW CHEMICAL COMPANY • MIDLAND, MICHIGAN DOVV^
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CHEAP CHARGE
FOR A THUNDERSTORM
By F. J. Wymer, E.E.
There has been much research done
concerning electrical stonns and light-
ning. It appears that a storm may dissi-
uate, in one lightning spark, about 550
kwhrs. of eners:>-. and neutralize some
17 coulombs of charge. The energ\- dis-
sipated would light the averatje house
for one month and 17 coulombs would
change a 1 microfarad capacitor to 17
million volts. The cloud potential du"--
ino- storms may reach as much as 100
million volts.
Some of this research has been done
under verv adverse conditions. In order
to determine anything about an active
thundercloud, one must be inside the
cloud. The men working on this prob-
lem usually fly airplanes, loaded with
equipment, through these clouds to make
their measurements. This is rather haz-
ardous, and the planes are often hit by
lightning.
Some of the quantities which are
measured in these storms are the charge
on the drops of water, the mass and
velocity of these drops, and the elec-
tric field intensity. The instruments
must operate properly under very ad-
verse conditions of rain, dirt, and high
winds. Meters for this work are not ac-
ceptable if they have too many moving
parts or are too delicate. The cost of
maintaining these instruments would be
unreasonable.
There have been a number of meth-
ods used to measure quantities related
to the drops themselves which are prac-
tical and accurate. P. Gshwend used a
special absorbent paper and allowed the
drops to fall on this paper. The paper
was placed on the central system of an
electrometer which was then used to
measure the charge of each drop. Later,
S. K. Banerji and S. R. Lele used an in-
strument which would take only cer-
tain drops. It had a rotating wheel
which, in a moderate rainfall, would
only allow a certain number of drop
charges to be measured. The charge was
recorded by taking pictures of the de-
flection of a Wilson tilt electroscope. A
more recent method, which is used now
and was used bv R. Gunn, measures the
12
charge, velocity, and mass of the drop
all at one time. It is shown in Fig. I.
The drop falls through the opening 1,
and is then guided by the opening 2,
which is adjustable. The second opening
insures that only vertically falling drops
will be recorded. The drop then passes
through the inductor 3, and imparts to
the inductor charge \vhich is approxi-
mately equal to the drop charge. The
induced charge produces a voltage across
the resistor 8, which is sent through an
amplifier and recorded as a pulse on
the blueprint paper 7. The direction and
size of the pulse tell the magnitude and
sigii of the drop charge. Then the drop
falls down through the inductor 5 and
the same process is repeated, another
nulse is recorded on the blueprint paper.
Knowing the distance between the two
inductors, and the time between the
two pulses enables a calculation of the
velocity of the drop. Then the drop
falls through the opening 6, and falls
on the paper 7. The size of the splash
it makes is proportional to its size, and
mass. Thus with this instrument, the
magniture and sign of the charge of the
drop, the velocity, and the mass of the
drop can be measured at one time. The
paper is calibrated so that these quan-
tities can be read directly.
Two methods are used to measure
the electric field intensity at a given
point. The AC method employs basical-
ly an AC generator using the E-field
instead of a magnetic field, and the DC
method utilizes a DC generator on the
same principle. The AC generator must
be synchronized to measure E fields in
both directions. It is shown in Fig. II.
The generator consists of two rods with
inductors on the ends of them. They
rotate, and as they pass through the
field, a current is induced in the re-
sistor R. The resulting voltage is am-
plified, rectified and measured by the
DC microammeter. The DC meter is
used so that fields in both directions
may be read on the same meter.
The E-field meter based on a DC
generator is shown in Fig. III. This
meter gives an output which is a series
of pulses. The meter reads the average
current and thus will read one way or
the other depending on the direction of
the E field being measured. Varying the
time-constant of R and C across the
meter ^vill vary the DC current in the
meter, and thus will control the sensi-
tivity of the meter. If the two tubes
are not identical, there will be some
reading on the meter with no applied
field, due to the DC plate current. The
potentiometer R' is a zero adjustment,
so that the current can be adjusted to
zero for no applied field.
To calibrate these E-field meters, a
field is applied to the generator, and the
meter is marked. When a field is ap-
plied, two screens are used. One is main-
tained at ground and the other main-
tained at a potential above ground. If
the dimensions of the screens are more
than three times their separation, then
the two screens approximate t\vo paral-
lel plates, and the E-field is E = V/S,
where V is the \oltage between the
screens, and S is their separation. Then
the meter reading for a number of
values of E can be marked on the
meter.
There are a number of theories con-
cerning the charging of storms. The
most important theory seems to be a
process which consists of the following
three steps:
1). Positive and negative ions are
first produced by cosmic rays and radio-
activity. These are produced at a rate
of about 10 ion pairs 'cu. cm./sec. at
lower altitudes, and the rate steadily in-
creases to about 45 ion pairs 'cu. cm./sec.
at altitudes around 8 or 9 miles.
2). By diffusion, these ions unite with
the water droplets, and the droplets
combine to foiTn charged drops. They
usually form an equilibrium charge on
the cloud.
3). The drops are then selectively
electrified, to separate the positive and
negative charges. This means that the
drops combine with each other to form
larger charged drops, some of these
being neutralized. Some combinations
of similarly charged drops) produce
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larj;e stronger chaifiej ilroixs. It lias
been found that, generally, most drops
combine to form larger charges.
When these drops fall, their analysis
gets \ery complex due to the turbulence
of the air.
The three steps mentioned above are
in consideration of equal probabilities
for collision of positive and negative ions
with the drops. Generally, these col-
lisions take place at different rates, and
thus the cloud has a net positive or nega-
ti\e charge. Mr. R. Gunn has tabu-
lated the data of Fig. IV. for the prob-
ability of collision being the same. Of
course, this is theoretical, but the final
charge seems to check \\ell with lab.
experiments. The table is shown for
only three collisions, but it may be con-
tinued for more collisions in the same
manner: after four collisions, the —2
charge would be J/ (125) + ^4 (375)=
250. This table was developed for 1000
initially neutral drops, and it describes
the initial processes of the electrification
of the drops.
If the probability of collision were
different, hte table of Fig. IV would
tend to shift to one side or the other.
However, after some time, the drops
with the greater probability of collision
will be^in to have fewer collisions due
to their increased charge tending to
force the ions away. Then the cloud will
reach an equilibrium charge.
Expressions for transfer of charge by
diffusion have been dexeloped, and
these expressions have been checked ex-
perimentally. Mr. F. J. Scrase ran ex-
periments for two years on raindrop
charges, and he found that the charge
on drops during very light rainfall was
about 93^'r positive. He also found that
as the precipitation rate increased, the
per cent of positively charged drops de-
creased, until cloudburst proportions
were reached. Then the charges were
fairly random. The results he obtained
for very mild rainfall checked the equa-
tions very well. The predominance of
negatively charged drops in a thunder-
storm seems to indicate that the drops
at high altitudes carry negative charges.
It may be that the charged drops are
derived from snow flakes which melt
at lower altitudes. Consider a particle
of snow falling in an electric field, and
this particle breaks such that one half
of the flake lies on top of the other.
Then each half of the Hake will have
a charge due to polarization, and the
two charges must be equal and opposite
if the snowflake had no net charge on
breaks on a plane other than perpendicu-
lar to the field, each half will be charged
a smaller amount. At the freezing level,
it has been noted that generally the
highest charges are found. This indi-
cates a high electric field intensity. As
each snowflake breaks in a large E-field,
each half of the flake will be charged
SHIELD
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to a high value. The reason for the
snoxvflakes breaking here is that they
are melting, and thus will break up
easily. Since each snowflake requires
only about 1 50 the mass of free water
that a drop needs, the charge per unit
of mass of these Hakes might be verj'
large, and when they combine into
drops, these drops will have high
charges also. This is another way in
which drops are charged.
will be charged. As these flakes fall past
the freezing level, and melt, charged
droplets are formed, which will com-
bine with other droplets to fonii the
charged rain drops.
It might seem that as these drops
fall, the plus and minus charged drops
would combine and neutralize each
other. This is true to some extent, but
the majority of the drops keep their
charge and are not neutralized accord-
fyMMeTSR
Figure 3
At high altitudes, where the temper-
ature is well below zero degrees Centi-
grade, the snowflakes are polarized in
the presence of the electric field. If two
of these polarized snowflakes collide, but
don't combine, and are oriented proper-
ly with respect to each other, there will
be a transfer of charge, and each flake
ing to Mr. Gunn. Thus most of the
charge is retained.
As far as the electric field is con-
cerned, it does many things during a
thunderstorm, and it may vary greatly
during short periods of time. One ex-
periment within a thundercloud de-
termined a field which varied from
COLLISIONS
Formula for Success:
Be Original in Your Copying
Few tliiiiL^s are more essential to busi-
ness prosperity than the amazing growth
now taking place in the field of repro-
ducing letters and documents of all
types. New techniques developed in the
last few years in the copyins; of docu-
ments, letters, blueprints, charts and
other papers are helping every type and
si/.e of business—be it a one-girl office
or a corporation with thousands of em-
ployees—to increase income, service cli-
ents more efficiently, and save countless
man-hours.
You ma\' benefit your compan\'—and
materiallv increase your own chances of
getting ahead—if you master the secret
of using the right copying process for
the right condition.
Recent improvement in methods of
offset duplicating ha\e made this the
most satisfactory and inexpensive meth-
od of producing both large and small
numbers of copies especially for sales
letters, bulletins, price lists, or for any
documents requiring color—when qual-
ity is an important consideration. Rut
there's quite a bit to know about the
selection of an offset duplicator (the
operation of one, if you've chosen care-
fully, is a snap).
In picking an offset duplicator, look
for such features as:
A blanket which does not serve as
conveyor or ejector, but stays in perfect
position for its one big job. high-fidelity
image transfer.
A removable inking unit to save time
and speed production. The best ones can
be removed and replaced with inking
iHiits of another color within several
minutes.
Three matching scales—on feedboard,
conveyor table and receiving tray—to
insure the most rapid and accurate posi-
tioning of paper and image.
Recently a group of offset specialists
designed a duplicator which incorpor-
ates these features and many other in-
novations. Called the Photostat Offset
Duplicator, it has simplified, tool-less
controls which can be operated by any-
one. One lever applies dampener and
ink roller to plate and contact between
plate and blanket is automatic—saving
the operator six motions each time a
plate is started. All standard plates
—
paper, acetate and metal—can be ban-
By Jack Shafer—from Precis
died with any type of punching. As
many as 7200 impressions per hour can
be obtained from papers as small as
3x3 inches or as large as 11 x Ih
inches. Letterheads can even be run off
at the same time as the letter
!
A big help in offices is photographic
cop>'ing. Hospitals, libraries, colleges
and government offices . . . professional
men in private practice . . . producers
of every commodity from oil to over-
coats find it a fast, inexpensive source of
accurate, permanent and fraud-proof
(any alteration is easily detected) copies.
What's copied ? Anything and e\'ery-
thing from checks to cardiographs. Ac-
cording to the Photostat Corporation,
leading company in the field, each of its
several models will copy anything that
is written, printed, drawn, typewritten,
blueprinted or photographed, as well .as
photographing small objects. The vari-
ous models consist mainly of a large
camera with a magazine for holding a
roll of photographically sensitized
paper and compartment for developing
and fixing prints within the apparatus.
No photographic training is needed to
operate these machines. Focusing me-
chanically to whatever size of copy is
desired, they produce prints with a
black-and-white contrast sharp enough
to permit the copying of drawings, blue-
prints, maps and records at reduced size
with no loss of legibility'. The accuracy
of these copies is attested to by the fact
that they are accepted as evidence by
courts in lieu of original documents.
Photocopiers come in several sizes.
Especially suited to the needs of the
small office is an Instant Copier, which
occupies less than two square feet of
space on a desk or table and can be used
imder any normal office lighting to make
copies of typed, written or printed ma-
terial. Up to fi\e black-on-white copies
a minute, which come out of the ma-
chine dry and ready for immediate use,
can be made with push-button opera-
tion on ordinary uncoated paper from
one photo-sensitive matrix. Copies can
be maiie on the back as well as the front
of the sheet—another time-anil-money
saver.
Here's another economical trick you
should know : both the copiers and off-
set duplicators work as well with
"matte" reproductions as witli the more
expensi\e glossy copies.
Newest developments have been in
the field of microfiilm—not only 8, 16,
and 35 mm negatives, but also 70 and
105 mm. The larger negatives offer all
the space-saving and safe-storage advan-
tages of microfilm and capture every de-
tail of the original, producing prints
which are often much better than the
original. These ad\antages make them
ideal for use in drafting and design work
as well as in the preservation of rec-
ords.
Specially designed for use with larger
negatives is a new camera-and-projector
known as the Photostat (,) Statfile Re-
corder which can photograph subjects
as large as 60x120 inches and give back
single or multiple prints in any size up
to 42x60 inches! Especially valuable for
engineering drawings, it can duplicate
any kind of office records speedih' and
economically.
Advances ha\e also been made with
microfilm. Enlarged copies may be ob-
tained quickly and automatically by at-
taching an enlarger to a photocopying
machine. Prints 36x4S inches can be
made from 35 mm negatives, and 18x24
inches from 16mm negatives. On photo-
copy machines that have a predetermined
cycle control, as many as 399 prints may
be made just by pressing a button!
Will maintenance of copying equip-
ment be a problem? Not likely. Accord-
ing to the Photostat Corporation, many
of its photocop>ing installations are
over 25 years old and their maintenance
has been less expensive than the previous
cost of typewriter ribbons.
Being the office expert may bring you
praise—and more tangible rewards as
well—for your efficiency. Try it—it's
one time when copying pays!
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CAREER PLACEMENT
Mrs. Pauline Chapman
Between now and April 15, more
than 500 company representatives will
visit the Placement Office in the Col-
lege of Engineering. The\' will repre-
sent large companies, small companies
and in-between companies from ever\'
geographical area in the United States,
and each will trv to convince yoii—the
engineering graduate—that his is the
company in which you should begin
your professional engineering career.
The Engineering Placement Office,
109 Civil f'ngineering Hall, exists for
only one reason—to do everything pos-
sible to help you find just the right job
for you as an individual. The first inter-
views this fall will begin on October 10
and will continue until just before the
Christmas Holidays. The Spring, 1Q61.
interviews will begin on February 16
and will continue until after the Easter
Vacation. The greatest concentration of
company interviews are scheduled in
October and early November during the
fall semester and in February and
March during the spring semester.
Looking ahead now you will think
you have plenty of time, but when class
assignments begin to pile up and we are
into the interviewing period you will
find that it is "later than vou think."
16
By Pauline Chapman
First of all, you must meet the com-
pany representative who visits the cam-
pus. This is just a preliminary screen-
ing, but it is necessary so that vou may
get some general information about the
company and the positions and locations
available, and the representative can get
some information about you, such as
your interest, geographical preference,
type of work in which you are inter-
ested, any applicable experience, and
other personal information.
Following this campus interview, you
will be invited to visit the company at
either their home office or at one of
their plant locations. Here you will meet
and talk with the department heads and
company executives who are interested
in you as a potential employee. You will
also, in most cases, meet the people with
whom you will work, and learn in de-
tail what types of jobs are available in
different areas and what each job en-
tails. After this inspection of the com-
pany by vou and of you by the company,
there will be a conference to attempt
to decide where, because of your inter-
ests and the company's needs, vou will
best fit into the organization. Occasion-
ally job offers are made at the time of
the plant interview, but in most cases
you will return to the campus and the
offer will follow by letter. Of course
there are deviations in the pattern of
the plant interview, but no matter how
it is handled it is a very important step
in your job selection. You certainly
want a job in which you will have hap-
piness, challenging work in your field
of interest, compatible co-workers, op-
portunity for the future, and a salary
that is adequate to satisfy you. In other
words, salary is not the most important
basis for accepting a job. The company,
on the other hand, is looking for the best
people for their organization. "The best
man" means something different to each
company, and any company is only as
good as its people, from the President
on down to you—the new graduate. It
is our hope that through the interviews
in the Placement Office, vou can find
the best job with the best company for
you.
Since you will probably have campus
interviews with many companies, vou
can easily see that this soon becomes a
problem when you attempt to fit plant
visits into your already crowded sched-
ule. Start early, get all the information
you can about a company, ask ques-
tions in the interview, and determine
your interest in a company before you
accept an offer of a plant visit. You will
have time for only a few, so try to make
them the ones in which you feel there
is the greatest opportunity for you.
Nothing is more satisfying than to have
a student report, after several years of
employment, that he chose exactly the
right compan\- the first time.
In order to keep you advised of the
companies that will be visiting the cam-
pus, a bulletin is published each week
and a copy is made for each of you.
These bulletins are available each ^Ion-
day morning in the Placement Office
the first bulletin this fall will be avail-
able on September 26). The bulletin
lists the company names, types of engi-
neers in which the\- are interested, loca-
tions of employment, and other infor-
mation pertinent to each company. The
company visits are announced U\o weeks
in advance of the actual interview date
so you will have plenty of time to read
all available company information. Com-
pany brochures which you can ha\e are
made available in the Placement Office
at the same time as the weekly bulletins,
and a complete pemianent library of
company information is a\ailable at all
times.
On Tuesday morning, the sign-up
boards are placed in the racks above the
company information shelves. All com-
panies interviewing on one date are on
a single board, a sheet for each com-
pany. If at any time a schedule is filled
when you attempt to sign for an inter-
view, be sure to contact the desk in the
Placement Office. Arrangements can
often be made for an additional sched-
ule. (Crjntiniicd on Page 42)
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AT RAYTHEON...
Scientific imagination focuses on . . .
RADAR
.
. . INFRARED . . . MISSILE SYSTEMS
. . . COMMUNICATIONS & DATA PROCESSING
.
MICROWAVE ELECTRONICS . . . SOLID STATE
. . . SONAR . . . ELECTRON TUBE TECHNOLOGY
Positions designed to challenge your scientific
imagination are offered by RaUheon Company to
exceptional graduates ( Bachelor or advanced degree)
n EE. ME. physics or mathematics. These assignments
include research, systems, development, design and
production of a wide variety of products for
commercial and military markets-
Facilities are located in New England,
California and the South.
For further information, visit your
placement director, obtain a copy of
'Raytheon . . . and your Professional
Future"', and arrange for an on-campus
interview. Or you may write directly to
Mr. J. B. Whitla. Manager-College Relations,
1360 Soldiers Field Road, Brighton 36, Mass.
RAYTHEON
Excellence in Electronics
OCTOBER, 1960 17
preferably...
a big FISH in the right-sized STREAM
O
We've been told frequently that engineerinrr frradiiates are attracted to a
company our size because of an honest and understandable desire to be
"a big fish in a little pond". Perhaps others prefer to think of the future as
the challenge of "swimming up-stream".
\\l' believe that Sikorsky Aircraft is actually the "right-sized stream" for
young engineers who would enjoy diversified, small-group activities, as
well as stature opportunities in a field that is not limited nor professionally
confining. Sikorsky Aircraft is the company which pioneered the modern
helicopter; and our field today is recognized as one of the broadest and most
challenging in the entire aircraft industry.
Because of this, we can offer stiniulaling experiences in an ideal environ-
ment. Work associations could Include joining an electronic team of twenty
to thirty associates—or—working with a highly selective group of four or
five on interesting problems of radiation, instrumentation, auto pilotage,
automatic stabilization, etc.
And what of your future?
That, of course, involves your own potential for growth. As
a far-sighted company, we"re more than willing to help you
meet the challenge of "going up-stream"!
For factual and detailed information
about careers with us, please write to Mr.
Richard L. Auten, Personnel Department.
SIKORSKY AIRCRAFT
DIVISION OF UNITED AIRCRAFT CORPORATION
STRATFORD, CONNECTICUT
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AT ALCOA,
ALUMINUM
IS PEOPLE
East wall of Alcoa's home office, Pittsburgh
People of imagination. People perfecting new alloys, developing new processes,
finding new applications. Men caught up in the vision of a wonderful world of
aluminum. Men excited by their share in the amazing success of the metal.
Each has found an environment where personal ambition can be realized. Income,
opportunity, challenge, security, authority— it varies with the individual.
People—your kind of people. Like to join them? Ask youi- placement oflBcer to
arrange an Alcoa interview.
Openings in Engineering. Production, Accounting, Industrial Sales, Sales Admin-
istration, Sales Development and Research for men with all types of college degrees.
ASK FOR BOOKLET
Alcoa's booklet. A Career For You
With Alcoa, describes career opportu-
nities at Alcoa more fully. Get a copy
from your placement officer— or write
to Manager of College Recruitment,
Aluminum Company of America, 810
Alcoa Building, Pittsburgh 19, Pa. I
ALCOA ALUMINUiWI
ALUMINUM COMPANY OF AMERICA
Magnetohydrodynamic
Generators
By Stewart Way
About 130 years ago, ^lichael Fara-
day discovered that a conductor moving
in a magnetic field could be made to
iienerate an electric current. This prin-
ciple has traditionally been applied to
produce electric power by mechanical-
ly rotatino; solid copper bars past ener-
(jized field vvindinsrs. However, Fara-
day's experiments showed that power
can also be generated by substituting a
flowins: liquid metal such as merciUT,
or some other conducting liquid, for the
copper bars. A device that uses a fluid
conductor to produce an electric cur-
rent is a magnetohydrodynamic genera-
tor
The word magnetohydrodynamics,
abbreviated MHD, stands for tbe
branch of physics that encompasses both
electromap'entic and fluid-dynamic phe-
nomena. Practical realization of MHD
power generation appears at the present
time to depend on the use of a conduct-
ing gas. For the gas to be conducting,
a certain number of free electrons must
be present, along with an equal number
of ions, plus the main body of im-ionized
gas. The most direct approach to par-
tially ionize a gas, and thereby maice it
conducting, is to heat it sufficiently.
However, the temperatures involved are
beyond the limits of even the most mod-
ern of materials.
When the gas is "seeded" with a cer-
tain concentration of an element such as
potassium or cesium, adequate electrical
conductivity can be realized at some-
what lower temperatures in the range
of 4000 to 5000°F. The possibility of
MHD generation, as currently con-
ceived, hinges on the small region of
overlap between the temperatures that
a few materials are able to tolerate, and
the temperatures which are necessary,
even with seeding, to obtain adequate
conductivity.
In an MHD generator, hot ionized
gas travels through a magnetic field
which is applied at right angles to the
flow, and past electrodes which are in
contact with the stream of gas. Elec-
trons in the gas are deflected by the
field and, between collisions with other
particles in the gas, they make tlieir way
diagonally to one of the electrodes. An
electric current is produced as the elec-
trons move from the anode, through the
load, to the cathode, and back again to
the gas stream. (See Figure 1.)
The voltage at the terminals of an
MHD generator is directly proportional
to the intensity of the magnetic field,
the velocity of gas, and the distance be-
tween the electrodes. A generator will
supply maximum power when the load
connected to its terminals has a voltage
drop equal to one-half of the circuit
voltage.
iNear peak power, the efficiency of an
MHD generator may be as low as 50
per cent, because of 1- R losses. But
efliciencies in the 80 to QO percent range
are possible when the generator is oper-
ated somewhat below maximum power.
This corresponds to the efficiency of a
conventional steam turbine-generator
combination, which is about 80 percent.
The over-all thermal efficiency of a
plant utilizing an MHD generator
might be as much as 60 percent, as
compared with 40 to 42 percent for the
most modern conventional power plans.
The high efficiency of the IVIHl^ plant
arises principally from the high temper-
ature which is necessary for ionization.
A possible cycle arrangement is
shown in Figure 2. This is a "closed
cycle " system in which a gas consisting
of helium seeded with one percent cesi-
Figure 1
Simplified diagram of the operation of a magnetohyrodynamic generator.
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iiiii is used. The plant portrayed would
generate 380 megawatts of a-c power.
Note that the MHD generator puts out
direct current, and that a converter is
used to produce alternating current.
The capital cost of this converter would
be appreciable, though not prohibitive.
Studies are being made for the direct
MHD generation of alternating cur-
rent power. There are several ap-
proaches to this problem that look
promising.
The MHD generator for this system
would be 30 to 40 feet long, and it
would operate in the temperature rans^e
of 4000 ^F. A reactor is shown as th"
heating device, but the development of
such a reactor would take many years.
The heat exchanger, or regenerator,
would also present serious development
problems.
Figure 2 also shows a boiler in which
some heat is picked up and used to gen-
erate steam. This steam drives a 38
megawatt turbine, \vhich powers the
gas compressor. In this it must be as-
sisted by a motor which consumes som.e
of the SiHD generator output.
To circimixent reactor development
problems, there are two possible lines
of attack: (1) use a combustion fired
external heater, while retaining the
closed loop helium system of Figure 2
;
(2) use an open system in which the
combustion gases pass directly through
the generator. The latter arrangement
is pictured in Figure 3. In this case, it
is possible to generate a surplus of
power in the steam loop so that an
extra generator is present, replacing the
d-c motor of Figure 2. Temperatures of
operation in the generator must now be
higher, however, because of lower mo-
bility of electrons in combustion-product
gases than in helium. Another differ-
ence is that potassium rather than cesi-
um is used for seeding since cesium is
too costly to discharge. Means would,
in any case, have to be taken to avoid
air pollution by the hydroxides of these
elements.
Problems ahead in MHD generation
development are in the general areas of
physics, materials and engineering tech-
nolog>-.
Further work needs to be done in
laboratories to obtain more reliable data
on conduction of electricity in gases, and
to provide a better understanding of
the basic mechanisms of energy and
momentum exchange in the MHD gen-
erator. Materials must be developed to
better withstand high temperatures, sud-
den temperature changes, and chemical
interaction with the alkali-metal seed-
ing materials. New engineering and de-
sign approaches must be found to build
durable parts of ceramic, which have
conventionally been made of metal.
Durable electrodes must be developed
to withstand high temperatures and
chemical attack, and yet they must be
good conductors.
To study these problems, several
lines of research are being pursued in
Westinghouse. First of all we have the
basic studies of materials and their prop-
erties, and investigations in gaseous elec-
tronics. Secondly, two experimental
MHD generators have been built and
are in operation, (^ne of these is rela-
tively small, for laboratory type studies;
it burns hydrogen and oxygen, seeded
with postassium. This generator was
designed by physicist Dr. Werner Em-
merich. The other generator project in-
volves a machine which has, to date, put
out about 2.5 kw at one-fourth maxi-
miun power rating for 4 minutes con-
tinuously. It burns furnace oil and oxy-
gen, with potassium soap dissolved in
the oil as a seeding element. Oxygen,
rather than air, was used merely as a
sao M.W. AC PowatJ
WATER
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Figure 2
A proposed 380 MW central station plant using an MHD generator as
the power supply.
tXTKA AC
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convenience, to avoid the necessity of
building a large air preheater.
Although MHD devices for produc-
ing short burst of power have already
been demonstrated and may ofter po-
tential in specialized applications such as
in satellite communications systems, a
generator must operate continuously for
the practical generation of commercial
electric power. To date, the only MHD
generator which has been able to pro-
duce kilowatts of power over a sustained
period of time is this larger machine.
Further, it operates on combustion
products rather than on argon gas heat-
ed by an electric arc. In short, it dem-
onstrates generation of electric power
directly from a hot gas stream.
The machine, pictured in Figure 4
has an electromagnet, mounted on a
platform that can be raised or lowered.
This magnet produces a field in the gen-
erator of 14000 gauss.
The generator section proper has a
flow across section of Ij^ by 4% inches.
and it is 16 inches long. Three pairs of
graphite electrodes are mounted on op-
posite sides of the stream, with a dis-
tance of 4j^ inches between their faces.
The insulating side walls are of 1J4
inch thick zirconia. Flow of the com-
bustion gas is 1.1 pounds per second at
the design point, and the temperature is
about 4600° F. The velocity is roughly
2000 miles per hour, and the pressure
is about one atm. Approximately three
pounds of oil-soap mixture is burned
with eight pounds of oxygen in a spe-
cially designed swirl-type combustion
chamber that discharges into a mixing
plenum, and then into the generator
proper. Water-cooled side walls are used
throughout, and zirconia lining is used
even'where except in the combustor
flame tube, which is stainless steel. The
2.5 kilowatts of power corresponds to
one-half of the design flow rate, or one-
fourth of the power.
This model is being used to investi-
gate generator side-wall designs, elec-
trode materials and configurations,
power distribution in the generator,
chemical reactions with the seeded gas,
operating characteristics of the MHD
generator and electrode potential drops
and potential and temperature distribu-
tions.
Before a practical power source using
MHD generation can be built, much
work remains to be done on the prob-
lems mentioned above. The MHD ex-
perimental generators will help provide
some of the answers.
Some reference has already been made
to possible open and closed cycle and in-
direct heating arrangements; also to di-
rect alternating-current generation. For
straight - through MHD generators.
various configurations are possible, in-
cluding constant pressure, constant area
and constant velocity designs, or various
combinations of these. Other geometries,
also, should and will be investigated.
The indirect-fired closed-loop system,
adapted to direct a-c generation, would
seem to be one of the most promising
lines of attack to follow.
We are actively pursuing the back-
ground researches, the material develop-
ments and the development work that
will be essential if MHD power is to
become a practical reality.
This article reprinted by permission
from If'estinghouse Neivs College Edi-
torial Serviee.—Ed.
Russiam Power Claim
A Russian claims to have adapted a
Savinius rotor to develop power from
river flow without the need for dams
and flow controls. Several rotors sus-
pended in a flowing river are said to be
able to turn a flexible cable coupled to
a generator. The inventor claims that
hydro stations using this principle can
be built for about $20 per kilowatt ca-
pacity.
What's been done with new DEEP STRENGTH
Asphalt Pavement in Upstate New York
could be important to your future
THIS IS DEEP STRENGTH
2V^-inch Asphalt
concrete suiiace
course
B
3-inch Asphalt
base course
c
4-inch base
course of broken
stone
D
6-Jnch graded
gravel subbasa
E
6-Jnch bank-run
gravel
foundation
course
F
Excavated to 48
inches below
pavement grade
in cuts—locally
available back fill
material
compacted with
"super"
compactor.
If your career is Civil Engineering
you owe it to your future to know
what's happening in Asphalt pave-
ment design.
Take Interstate Highway #81 near
Watertown, New York, for instance.
Here, in an area where frost depth
goes to 48 inches and the soil is
boulder-strewn glacial till, engineers
had to find a way to stop heaving and
i subsequent pavement failure. New
Advanced Design DEEPSTRENGTH
Asphalt pavement helped solve the
problem. (See diagram.)
To know more about the new Ad-
vanced Design Criteria for hea\'y-
duty Asphalt pa\ements and how thev
are responsible for the most durable
and economical hea\y-dutv pavements
known, send for free student portfolio
on Asphalt Technology and Construc-
tion. Prepare now for your future.
THE ASPHALT INSTITUTE
Asphalt Institute Building, College Park, Maryland
Ribbons of velvet smoothness .
.
.
ASPHALT-paved Interstate Highways
hpsikkhi
Asmurniaar
Gentlemen
NAME
OUT OF THE LABORATORY
Forthcoming space exploration
will require exotic fuels and new concepts in
energy conversion to keep men alive and equip-
ment operating for long periods of time beyond
the earth's atmosphere. Advanced hydrogen sys-
tems recently developed by The Garrett Corpora-
tion have solved this problem of providing the
electrical, hydraulic and pneumatic power, plus
cooling and heating required aboard a satellite or
space capsule during launching, outer space flight
and re-entry.
Besides such spacecraft and missile systems,
other product areas in which Garrett engineers
work include small gas turbine engines, flight
data systems for air and underwater use, nuclear
and solar power systems, cryogenic systems and
controls, and air conditioning and pressurization
systems for conventional aircraft and advanced
flight vehicles.
Such diversity of interest not only makes work
more interesting at Garrett, but gives the engineer
an opportunity to increase his knowledge and
chances for responsibility and advancement.
An orientation program lasting a period of
months is also available for the newly graduated
engineer, working on assignments with experi-
enced engineers in laboratory, preliminary design
and development projects. In this way his most
profitable area of interest can be found.
Should you be interested in a career with The
Garrett Corporation, write to Mr. G. D. Bradley
in Los Angeles.
esearch Manufacturing Divisions
Los Angeles 45, Calijornia • Phoenix, Arizona
Systems and Components for: aircraft, missile, spacecraft, electronic, nuclear and industrial applications
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PROGRAMMING DEVELOPMENT MANUFACTURING
Subsequent advertisements will define the roles played by these young engineers in the creation of data systems at IBM.
RESEARCH MARKETING & SALES
IDEAS CAN COME FROM ANYWHERE AT IBM
The expansion of data systems technology at
IBM continues at a dynamic pace. To maintain
this pace requires the continual infusion and
cross-pollination of new and highly original
Ideas. These ideas must come from all fields
including programming, research, manufactur-
ing, development and marketing.
Thus, creativity is the key word at IBM. It is the
prime mover and accelerator of the technologi-
cal cycle. Out of this cycle come all the new and
dramatic developments in the many areas of
data systems. These developments, in turn, gen-
erate still newer developments. There is virtu-
ally unlimited potential, then, in good ideas put
to work at the right time and in the right place.
The IBM representative will be visiting your
campus soon. He will be glad to discuss with
you the many fields at IBM, where ideas receive
a warm welcome. Your placement office can
arrange an interview.
IBM
®
INTERNATIONAL BUSINESS MACHINES CORPORATION
Or for information about opportunities at IBM, write, outlin-
ing your background and interests, to; Manager of Technical
Employment, Dept. 889, IBM Corporation, 590 Madison Ave..
New York 22, N. Y.
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Technociitie . . .
JAN AKIN
The dimpled, brown-eyed beauty above is Janet
Akin, 18 year old sophomore from Lawrenceville. Jan
is a real country girl and proud of it. She loves living
on a farm and in engaging in such domesticities as cook-
ing and sewing. In fact, following in the footsteps of
Miss America, she makes most of her own clothes.
4H House is her college home, and home economics is
her curriculum.
Although U. of I. life is a far cry from the farm, she
has been very successful in campus activities. In addition
to holding class honors, she is active in the Wesley Foun-
dation, Block I committee, SNIB (student news and in-
formation bureau of TV), and is a Home Ec freshman
counselor.
Her big moment last year, however, was being
crowned Plowboy Queen. Interestingly enough, her main
gripe about college life is 2:00 nights.
Thing something could be done about this, fellows?
She just doesn't know a thing about engineering, and
is dying to be enlightened.
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Why college raen
choose careers
with Du Pont
Every year, several hundred new college graduates choose
Du Pont. Many Masters and Ph.D.'s do, too.
From time to time we learn from recent graduates the
factors which led to their decision to join this company. They
cite more than half a dozen reasons. Here are four of the most
important:
OPPORTUNITY AND RECOGNITION
They were aware that college-trained beginners
go right to work with men who have achieved.
For example, research chemists work with individuals who've
done successful research. New engineers work with pros, some of
whom have designed new plants, or devised new manufacturing
methods, or distinguished themselves in some other way. And other
graduates, with B.A. or M.B.A. degrees, go to work with leaders
who've been successful in Sales or Advertising or Treasurer's, or
another of Du Font's many departments.
They had been told — and rightly — that DuPont rewards indi-
vidual achievement. And they were eager to start achieving.
RESEARCH CREATES NEW PRODUCTS;
NEW PRODUCTS CREATE NEW JOBS
Men like working for a company that believes in
research, enough to invest in It... $90 million a year!
The fact is that important new products come from DuPont
laboratories and go to Du Pont manufacturing plants with frequency.
Here are but a few since World War II: "Orion"* acrylic fiber
followed nylon (soon after the war). Then came "Dacron"* poly-
ester fiber. "Mylar"* polyester film, "Lucite"* acrylic lacquer and
"Delrin"* acetal resin.
These, and many others, have created thousands of new jobs ... in
research, manufacturing, sales ... in fact, in all Du Pont departments.
DUPONT BACKS EMPLOYEES WITH HUGE INVESTMENT
New graduates feel that every facility Is provided for doing the job well.
Last year, Du Font's operating investment per employee was
$32,500. Since much of this was expended to provide the most
modern and best of equipment to work with, it further increases
the chance for individual achievement.
This applies to men in lab, plant and office.
DUPONT PROVIDES STEADY EMPLOYMENT
Career seekers appreciate the Importance of security.
Today, the average annual turnover rate at DuPont is less
than one-third that of industry nationally.
• • •
These, and many other reasons, draw new talent to Du Font each year.
Prospective graduates. M.S.'s and Ph.D.'s interested in learning
more about job opportunities at Du Font are urged to see their Place-
ment Counselor, or to write direct to E. I. du Font de Nemours & Co.
(Inc.). They should tell us the course they are majoring in so we can
send literature that is most appropriate.
€POK BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY
+ REGISTERED DU PONT TRADEMARK
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IThere are many opportunities for
mechanical engineers at Bethlehem Steel
You'll find a mechanical engineer designing complex ma-
chinery for a new rolling mill. Another is supervising
construction of a giant blast furnace. Another is develop-
ing improved production methods. Others design tools, are
in charge of plant maintenance divisions, or head up fuel
departments. Others are in sales work. In fact, Bethlehem's
president is a mechanical engineer.
The point is simple: there's virtually no limit to the op-
portunities at Bethlehem Steel for men trained in mechani-
cal engineering.
If you're looking for a real opportunity to put your
training to work, with a company that appreciates the tal-
ents of mechanical engineers and has plenty of use for
them, look into the possibilities at Bethlehem Steel.
Bethlehem offers excellent career opportunities
jar men in virtually all engineering curricula:
metallurgical, electrical, chemical, industrial,
civil, jnining, ceramic, architectural, and others.
We suggest that you discuss Bethlehem ivith
your Placement Officer. And be sure to
pick up a copy of our booklet, "Careers with
Bethlehem Steel and the Loop Course."
BETHLEHEM STEEL COMPANY, Bethlehem, Pa.
for Strength
. .
Economy
. . . Versatility BETHLEHEM STEEL
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Modern board-lift forging hammer'
SHOCK-STRENGTH
of steering spindle
soars by
designing it
to be forged
By designing front-end s]5indies to be forged, automobile and truck
manufacturers practically eliminate danger of failure of these vital parts, even
under sudden turning stress that can reach thousands of foot-pounds.
Start your designs by ])lanning to use forgings everywhere there's a high
degree of stress, vibration, sliock. or wear. Forged parts withstand them all better
than parts made by other fabrication methods. And forgings have no hidden
voids to be uncovered after costly machining hours have been invested
. . . the hammer blows or high pressures of the forging process
compact the belter forging metal, make it even beller.
Write for literature on the design, specification,
and procurement of forgings.
tJU(xe/v\^ xXb oo AyiJCoJb i^oxfc , cte-<U/^/iax >tt/ Xo X^C/ FOC^dEB:;!
Drop Forging Association • Cleveland 13, Ohio
Names oj sponsoring companies on request to this magazine.
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Facts about chemical industry
growth that can be
important to your future career
Did you know that the chemical industry has grown at a rate of about
10% per year since 1929, as compared with only 3% for the econ-
omy as a whole? It's a fact! And there's every reason to believe that
this favorable growth rate will continue.
For the graduating chemist or chemical engineer, this spells oppor-
tunity. Opportunity to grow with a growing industry.
Allied Chemical, for example, now produces more than 3,000 diver-
sified chemicals at over 100 plants throughout the country. Many of
these products are basic—used in volume by almost every industry.
Allied is at the heart of the nation's economy and looks forward
to continued growth and stability.
Ask our interviewer about career opportunities at Allied when he
next visits your campus. Your placement office can give you the date
and supply you with a copy of "Your Future in Allied Chemical."
Allied Chemical Corporation, Department 106-Rl, 61 Broadway,
New York 6, New York.
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DIVISIONS:
BARRETT • GENERAL CHEMICAL
INTERNATIONAL • NATIONAL ANILINE
NITROGEN • PLASTICS AND
COAL CHEMICALS • SEMETSOLVAY
SOLVAY PROCESS
BASIC TO AMERICA'S PROGRESS
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BRAINWASHING IS NOT
IRRESISTIBLE
The Military Code of Conduct Can Effectively Be Used
to Thwart Communist Indoctrination of POW's
By Judy Ondrala Tremore
Although this is prini/iri/y a tcihnidil
iiiiigazine, here is a uon-lerhnical iri-
fornuitiiie article that should interest en-
gineers and thinkimj individuals in many
fields. It uas uritten hy Techiiograph's
secretary last year.
Many people have a preconceived idea
that brainwashing is a mysterious pro-
cess by which prisoners of war forget
all the training and values they have
learned in their lives and take up the
doctrine of Communism, seriously be-
lieving it is the best political idea exist-
ing today. These people associate brain-
washing with medieval torture cham-
bers, thumb screws and racks. Or closer
to the truth, the tortures may be equa-
ted with solitary confinement, food
shortages, spoiled food, unsanitary liv-
ing conditions and long hours of inter-
rogation. These people hear of high
numbers of POW's who have signed
confessions or statements praising Com-
munism, and the result is that these
people look on brainwashing as an ir-
resistible force.
Dr. Harold G. Wolff of Cornell
says, however, that the Communists
want to create the false impression that
their methods are irresistible. This men-
tal attitude helps the Communists deal
with prisoners more effectively.
Recent studies indicate that brain-
washing need be neither irresistible nor
effective. It is recognized that if the
military are told what they may expect
in the event of capture, and if they are
specifically told just how much they
may confess, the Communists will
have small percentages of success. \\\
most branches of the armed forces a
few classes are held on techniques of
brainwashing. All branches recognize
the Code of Conduct as a guide to ac-
tion in the event of capture. The Code
was presented by the federal govern-
ment in 1955 as a set of rules a soldier
must be guided bv.
A thorough studi,- of the effects of
brainwashing was made after the Ko-
rean War by a pemianent subcommit-
tee on investigations, a part of the Com-
mittee on Government Operation. At
present Professor McGuire of the Uni-
versity of Illinois is doing research on
the subject. Professor McGuire says he
feels the military can be taught to re-
sist brainwashing, especially by making
them resistant to pain. The men would
ha\e to learn how to overcome anxietv.
The number of men actualh' con-
verted to Communisim is low: between
one and seven per cent. These are the
men who have internalized communist
doctrines and who refuse to come home
when they are released. The high num-
bers of brainwashed men come from the
numbers of papers signed by men who
pretend to go along with the Reds so
they may be left alone and not be the
target of Communist attention. These
men commit overt acts, acts which are
only on the surface.
The unfortunate thing about the pri-
soners signing confessions, no matter
how slight, is that the confessions are
all that the Chinese Reds want. Once
a name is on a paper, it is an effective
piece of propaganda and is so used. Thus
one of the most important rules of the
Code of Conduct is: when questioned,
gi\e only your name, rank, service num-
ber and date of birth. Professor Mc-
Guire says the ambiguity of what was
safe to confess was the cause of man\'
confessions in the Korean War. A pri-
soner would finally tell something he
thought couldn't mean a thing to the
Chinese. Professor McCjuire says, how-
ever, when a POW once confessed
something, the whole matter snowballed
until he was confessing anything the
Reds asked.
The techniques of handling prisoners
are slightly different in Russian and
Chinese camps. Where in a Russian
camp a POW ma\- he left in solitary
confinement for months, the Chinese
method is to use group interaction ; but
in the group the indi\idual feels alone.
The prisoner is subjected to constant
pressures and criticisms, not only from
his captors, but from his fellow prison-
ers. One of the most surprising results
of the Chinese treatment is that each
POW can be .set against the others in
such a way as to eliminate nearly .ill
personal contacts.
Since Korean POW's were taken to
Chinese camps, much research on the
results of the imprisonment has been
done on Chinese methods. According to
the L. S. Senate Investigating Commit-
tee on Communist Interrogation, indoc-
trination and Exploitation of American
Military and Civilian Prisoners, Chi-
nese goals in dealing with prisoners
were:
1. to secure propaganda materials for
psychological warfare efforts
2. to extract valuable military infor-
mation from POW's
.). to attempt to convert men to Com-
munism as a way of life
4. to attempt to undermine the Amer-
ican prisoner's faith and trust in his
government, countr\- and political lead-
ers.
Because brainwashing is a prolonged
psychological process designed to erase
past beliefs and create new ones, there
was little time and not enough person-
nel to brainwash all prisoners in the
camps. The persons brainwa,shed were
usually officers, and most men from
the Air Force. But the Anny was not
wholly overlooked.
In trying to convert Army personnel
to Communism, the Chinese Reds usual-
ly did not resort to force. The Com-
munists discovered that a tortured man
will commit the overt act of professing
faith in communism, but force would
never bring internalization of the ide-
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olofiy. In the place of force, the POW's
received poor food, h'ttle or no clothiiio;
and no medical care. The Chinese tried
to orfranize groups of informers or col-
laborators who would lecture to the
other POW's on communistic ideology.
The prisoners hearin^r the speeches from
their countrymen often began to doubt
their own values. These speeches also
had the side effect of helping the speak-
er internalize the doctrines. The Chi-
nese directed their efforts to creating
dissension among the prisoners. After
arri\ing at camps, men were sefrregated
by race, nationality and rank. The Chi-
nese prohibited i^roun meetings and in-
stigated distrust b\- playing the men off,
one against the other. Through real or
fictitious informers, the Chinese made
each POW feel as though his slightest
move was being watched by other pri-
soners and that he could trust no one.
Another technique the Chinese found
effective was the use of public criticism
and self-criticism. Sessions were held in
which the prisoners would tattle small
offenses on themselves or others. This
constant pressure and criticism left the
individual feeling "emotionally naked
and helpless." It also instigated further
hostility between the men and resulted
in fights.
Indoctrination for the Army men
took the form of classes. The first pha-e
of education was in the form of violent
attacks on the U. S. and its economic
system. The second phase was a com-
parison of capitalism and communism.
Classes were compulsorv for one year;
after that, voluntary. One-third of the
Army POW's attended the voluntary-
sessions.
The Army breakdown on percentage
of internalization is: 15 per cent of
the POW's collaborated (most of these
were later court martialed) ; 80 per cent
were passive or neutral, they neither col-
laborated nor resisted ; 5 per cent were
resisters. The resisters actively opposed
any Chinese idea, and they later were
honoured with having done meritorious
acts.
An article by Edward Schein, a pro-
fessor of psychology at MIT, says the
Chinese did not have much success in
actually changing beliefs. Doubt and
confusion in prisoners often resulted,
but actual conversion was rare. Schein
gives as reasons for collaborating:
1. Outright opportunistic reasons
—
men who didn't have any kind of stable
group identification and who gave no
thought to fellow prisoners or their
country.
2. Men with egos too weak to with-
stand physical and psychological rigors
—these men were motivated by fear and
unable to resist authority.
3. Men who collaborated with the
belief they were infiltrating Chinese
ranks and obtaining intelligence infor-
mation useful for UN forces — these
were rationalizations for those who
couldn't stand the pressures.
4. Men who were vulnerable to the
ideological appeal because of their low
status in society—they felt they were
failures and were attracted by the status
and privileges they could get.
Pi-ofessor McGuire adds to this that
the most effective thing in breaking
down a man is the feeling of isolation he
f^ets in the Chinese system—the feeling
t'^at e\ervone has lost interest in him.
The ambiguity of what a prisoner may
or may not say is also important.
On the whole the more intelligent
men of the grouDs intended to be either
resisters or collaboraters.
Chinese methods of handling the Air
Force POW's tended to be different.
According to the government committee
niore emphasis was placed on breakinp:
Air Force personnel because they would
be susceptible to charges of having drop-
ped germ warfare : they had a higher
percentage of officers captured and
therefore were a greater potential for
nronaganda purposes and intelligence.
This again stresses the importance con-
fessions had for the Chinese Reds. The
last reason for Air Force concentration
was the fact that these POW's general-
Iv knew more about the military situa-
tion and had a higher degree of train-
ing.
Air Force Major Mayer in 1^)57 gave
a speech in Searcy, Arkansas, on the
effects of the Chinese program.
Major Mayer said that the Korean
POW's behaved differently from those
caught in the second World War.. In
World War II the men had overwhelm-
ing impulses to escape and collaboration
with the enemy was low. In Korea sel-
dom did anyone try to escape. The Ko-
rean POW's often wrote articles
against capitalism for a Red paper. The
Daily jrorkcr. They drew cartoons de-
faming American characters or institu-
tions.
When the Korean POW's were re-
leased from camps and taken to Japan,
they had no feelings or emotions. They
wouldn't talk to each other. They had
no desire to go on passes, and if the\'
did. they went alone. They were al-
lowed to make free phone calls through
the Red Cross to anyone, a^}'^vhere.
They could talk as long as they wanted.
More than half the men said they had
no one they wished to talk to.
None of the men reported physical
violence ; instead they, as the Army,
were submitted to indoctrination and
education. The POW's were tauglit
seven days a week. The Chinese at-
tempted to devalue and interfere with
basic luunan relationship—and set up a
relationship that had no enterprise or
freedom of competition.
When the Air Force POW's were
"Welcome to the ranks of the people.
We are happy to liberate you from war
mongers. If \ou do nothing, we'll give
vou everything. Just don't fight. You'll
have no work, the best food, clothes and
shelter. You'll get a chance to learn the
truth about what's going on in the
world. You'll hear the second side to
the storv. Listen to both sides, then
choose. Tell the people at home the
truth as you decide the truth to be."
For six months there was no further
indoctrination, yet there was total ab-
sence of organization among the men.
The atmosphere was dog eat dog. With
no physical violence, however, four out
of ten men died—the largest death rate
of men in capture since the American
Revolution. The men died mostly from
a kind of apathv. They first ceased to
cTre about bodily needs, retreating into
themselves. They refused to eat or exer-
cise ; instead thev just lav down as if
waiting to die. Only if a fellow prison-
er took interest and tried to make these
men get up and do sonT-thin"^ o-- tried
to get them angry or concerned about
a problem, could a man be saved.
The education program set up started
with success stories about American
capitalism and the profit makinp; system.
After two or three months of classes,
this was related to exploitation. Stor'.es
were stold how "Mr. Carnegie sup-
ported a library so Americans wouldn't
get mad about his having so much
money." The emphasis was always on
true facts of social injustices in Ameri-
can history: slavery, western expansion
of the railroad, labor unions, gansters.
Works of Steinbeck, Dos Passos, Dick-
ens and Hemingway were used for ex-
amples. The ComniLHu'sts emphasized
how the U. S. was violating the UN
charter by intervening in Korea. Youn."
soldiers who hadn't gone far in school
wanted to know more about rights and
principles, things they hadn't learned
before. On the whole, men with higher
education didn't receive these lessons.
They were separated from the main
group of men.
Again the gimmicks the Reds used
were informing, self-criticism and cen-
sorship of mail. By informing, the sol-
diers learned to reject the idea that the
individual is entitled to certain rights.
They were encouraged to inform about
the smallest things and they received
material rewards immediately: status
and public approval. The men informed
upon were never punished
—
just talked
to. "We are disturbed you did this.
Confess it and analyze it and deter-
mine to not do it in the future. W^rite
it down." (Confession was always im-
portant to the Chinese Reds.) Because
(Contbiucd on Piujc 42)
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8,000 Management Opportunities!
That's riRht. There will be S.OOO supervisory jobs filled
from within the Western Eleetrie Company by college
graduates in just the next ten years! How come? Because
there's the kind of upward mo\ement at Western
Electric that spells executive opportunity. Young men
in engineering and other professional work can choose
between two paths of ad\ancement—one within their
own technical field and one within o\"er-all management.
Your progress up-the-ladder to exeeuti\'e positions
will be aided by a number of special programs. The
annual company-wide personnel sur\e\' helps select
management prospects. This ties in with planned rota-
tional de\elopment, including transfers between Bell
Companies and experience in a wide variety of fields.
\^'esteI•n Electric maintains its own full-time graduate
engineering training program, se\en formal manage-
ment courses, and a tuition refund plan for college study.
After joining Western Electric, you'll be planning
production of a steady stream of communications
products—electronic switching, carrier, microwave and
missile guidance systems and components such as tran-
sistors, diodes, ferrites, etc. Exery day, engineers at our
manufacturing plants are working to bring new de\el-
opments of our associates at Bell Telephone Labora-
tories into practical realit\'. In short, "the sky's \our
limit " at \\'estern Electric.
Opportunities exist for electrical, mechanical, incJustrial,
civil and chemicol engineers, as well as physical science,
liberal arts, ancj business majors. For more information,
get your copy of Consider a Career at Western Electric
from your Placement Officer, Or write College Relations,
Room 6105, Western Electric Company, 195 Broadway,
New York 7, N. Y. Be sure to arrange for a Western
Electric interview when the Bell System team visits
your campus.
wc^trnT^SS^
MANUFACTURING AND SUPPVY UNIT OF TH[ BEIL SYSTEM
Pttnclpal manufacturing locations at Chicago. III.; Kearny. N. J.; Baltimore, Md.; Indianapolis. Ind.: Allenlown and Laureldale. Pa.; Winston-Salem, N, C; Buffalo. N. Y.; Nortli AndovM.
I^jss.; Omatia. Neb.; Kansas City. Mo.; Columbus, Otiio; Oklatioma City, Okla. Engineering Research Center, Princeton, N. J. Teletype Corporation. Skokie. Ill,, and
Ultle Rock. Ark, Also Western Electric distribution centers in 32 cities and installation headquarters in 16 cities. General headquarters; 195 Broadway, New York 7. N. Y.
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an environment of inquiry and research
prevails at Hamilton Standard
Your advanced degree can be judiciously applied at Hamilton
Standard. Far-reaching and important projects dealing with
sophisticated space vehicle equipment as well as a di\ersi-
fied list of new product programs will enable you to utilize
your knowledge and capabilities on a high level.
UNEXCELLED FACILITIES. In addition to Hamilton Standard
Experimental Laboratories our personnel have available to
them the research and development facilities of United Air-
craft Coi-poration, considered the finest privately-owned in-
stallations in the industry.
A "MID-POINT" LOCATION. Our location in the picturesque
Connecticut countryside offers pleasant, leisure-time living.
Yet, we are onl>' a short distance from Boston and New York
and the important research centers of the East.
A HEALTHY OUTLOOK. Hamilton Standard has been a major
force in the aerospace industry for o\er forty years. The
company continues to be deeply in\olved \\ ith major ad\'ances
in the field of missiles and space flight. However, a dynamic,
well-balanced program of product diversification is now
applying the resources and talents of the company to entirely
new industries. The opportimity for knowledgeable, younger
men to assume challenging positions is outstanding.
PROMISING NEW PRODUCT. The Homilton. Zeiss Electron Beam
process, using a controlled high density stream of electrons to
weld, melt or cut ony known materials is typical of Hamilton
Standard's industrial diversification program. Areas presently
being eaplored concerning the Electron Beam process include
Advanced Electron Optics, High Vocuum Systems, High Voltoge
Apparatus, Electro-Magnetics end Automation.
TALK OVER your career requirements with the
Hamilton Standard graduate school representative
. . . then visit our facilities and meet scientists
working on the Electron Beam process. For further
information write: Mr. R. J. Harding.
HAMILTON STANDARD DIVISION
an organization dedicated to S^comfi/h ondSncjlneerlnq SKCellmce
UNITED AIRCRAFT CORPORATION
WINDSOR LOCKS, CONNECTICUT
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ELDOR,SO^^ETl^AES I GET THE 1DE^
THAT COMPANY RECRUITINGr REPS
ARE EXAGGERATING TO US.DOHT
YOU FIND \T THUS?
I WILL LIVE IN AN ULTRA-MODERN
ALL ELECTRONIC HOKAE SNUGGLED
ANAGN&THE PINES AT THE EDGE
OF A CRYSTAL BLUE LAKE.
AS YOU KNOW, ALBRECHT, I HAVE
ACCEPTED AN ENGINEERING
POSITION PRIMARILY ON THE
BASIS OF AN HONEST, FORTHRIGHT
PRESENTATION.
WITH ^AERELY A DOUBLE GARAGE.
ONE OF ^AY SPORTS JOBS WILL HAVE
TO SIT OUT IN THE YEAR-ROUND
PLEASANT WEATHER.
THEY SAID THAT iV^OULD BE WORKING
ON NEW UNCHARTED TRAILS
THROUGH THE UNIVERSE,. .WITH
THE ONLY LIMITS THOSE IMPOSED
BY MY I^AAGINATIGN.
THEV TOLD ME EXACTLY WHAT
MY SALARY WOULD BE, AND I'LL
HAVE TO SET ASIDE (TEMPORARILY)
MY PLANS FOR AN OCEAN-GOING
YACHT.
Furthermore, Collins is one of the nation's leading growth companies, producing for both govern-
ment and business. Commercial fields include airline and business aircraft communication and
navigation equipment, data transmission, microwave, amateur radio, broadcast and ground com-
munication equipment. Research, development and manufacturing facilities are located in Cedar
Rapids, Dallas and Burbank.
Collins likes engineers . . . 20% of its 13,000 employees are engineers. Collins is in the business,
basically, of selling the products of their imaginative thinking.
Collins would like to discuss your future with you. Write for the free liooklel "A
Career with Co/Zins" and ask your placement Counselor when the Collins represent-
ative will be on campus.
AND SO YOU'RE JOINING COLLINS ?
YES, ALBRECHT SUCH HONESTY AS
THEIRS SHOULD NOT GO UNREWARDED.
COLLINS
CEDAR RAPIDS, IOWA
COLLINS RADIO COMPANY
DALLAS, TEXAS • BURBANK, CALI FORNIA
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Quality is Precision and People and Pride
We make and sell laminated plastic
sheets, rods, and tubes. But nearly
all of our customers prefer us to fabri-
cate their parts from these materials.
Synthane quality starts with the
rigid inspection of incoming raw ma-
terials. From this point forward, to
the finished laminate, control is the
byword. In fabricated parts, too,
quality is precision, people and pride.
Measuring instruments of all kinds,
many of our own design, gauges, pre-
cision tools and other specialized
equipment all contribute to Synthane
quality products. Our people, through
years of e.xperience, know how to
machine laminated plastics to achieve
the dimensions and tolerances you
require.
Quality is a matter of pride on the
part of every Synthane craftsman
who works on your job. And sixty
per cent of our people have been wth
us for 10 years or more.
Aside from the first class job Syn-
thane gives you, it will hardly pay
You furnish the print—ive'U furniah the part
you in money or headaches to do
your owTi machining. Ask your Syn-
thane representative for a quotation.
You'll find him in the classified tele-
phone book of any principal city or
write Synthane Corp., 13 River
Road, Oaks, Pa.
[SYNTttANE]
CORPORATION OAKS, PENNA.
Sheets • Rods • Tubes • Fabricated Parts
Molded-laminated • Molded-macerated
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BRAIN TEASERS
Edited by Steve Dilts
Now that you have all had a chance
to settle down tor the long grind ahead,
why not give these brainteasers a try.
They aren't as easy as they may appear
to be.
» » *
1. What is today, if, when the day
after tomorrow is yesterday, today will
be as far from Tuesday as today was
from Tuesday when the day before yes-
terday was tomorrow?
2. What is the smallest number in
which the digits are reversed when 2
is added to its double ?
3. There was a young and ad\"entur-
ous fellow whose great-grandad left him
nothing much but the logs from the old
salt's seafaring days. The young fellow
never quite got up courage enough to
toss the books out, and one day was
leafing idly through them. Stuck be-
tween two pages he found a much-
folded paper which read as follows
:
"Sail to 16 North latitude and 16
West longitude where thou wilt find a
deserted island. There lieth a large
meadow, not pent, on the north shore
of the island where standeth a lonely
oak and a lonely pine. There wilt thou
also see an old gallows on which we
were once wont to hang traitors. Start
thou from the gallows and walk to the
oak counting thy steps. At the oak thou
must turn right by a right angle and
take the same number of steps. Put here
a spike in the grovuid. Xow must thou
return to the gallows and walk to the
pine counting th\- steps. At the pine
thou must turn left by a right angle
and see that thou takest the same num-
ber of steps, and put another spike into
the ground. Dig half-way between the
spikes; the treasure is there.
"
The instructions v.'ere quite clear ?v
explicit, .so our boy chartered a sh:
and sailed to the South Seas. He fount'
the island, the oak, the field, the pine;
indeed, he found everything he was
looking for but the gallows. Rain, siui
and wind had long since taken away all
trace of the wooden structure. How did
our hero find the treasure?
4. Three Indians, two Crows and one
Rlackfoot, were confronted by a tourist.
Xow Crows have the habit of always
lying to tourists, but a Blackfoot never
tells a lie. The tourist, aware of these
habits, asked the first of these Indians
his nationality. The Indian replied in
a dialect which the tourist could not
understand. So he asked the other In-
dians what the first had said. The sec-
ond replied that the first said he was a
Crow but the third answered that the
first had said that he was a Blackfoot.
If you were the toinist what would you
sav was the nationalitv of each Indian?
Hert the answers.
1. Today is Tuesday.
2. 25; (2x25)-f2=52.
3. Our adventurous treasure-seeker
located his treasure because it did not
matter where the gallows was located.
The spot where the treasure was buried
lies equi-distant from two trees men-
tioned and one-half of the distance to
the left of the point where the equi-
distant line and the line connecting the
trees intersect.
4. By logic it is found that the first
Indian was a Crow, the second a Crow
and the third is a Blackfoot.
Proud of your School?
A.W.FABER
CASTELL
helps the hand that
shapes the future
#9000 Castell Pencil
with world's finest
natural graphite that
tests out at more than
99% pure carbon.
Exclusive microlette
mills process this
graphite into a drawing
lead that lays do\vn
graphite-saturated,
non-feathering lines of
intense opacity. Extra
strong to take needle-
point sharpness without
breaking or feathering.
Smooth, 100 C'f grit-
free, consistently
uniform, 8B to lOH.
#9800 SG LOCKTITE
Tel-A-Gr.\de Holder,
perfectly balanced,
lightweight, with new
no-slip functional grip.
Relieves finger fatigue.
Unique degree
indicating de\nce.
#9030 imported Refill
Leads, matching
e.xactly #9000 pencil
in quality and grading,
7B to lOH, packed in
reusable plastic tube
with gold cap.
A man advancing in
his career just
naturally gravitates to
Castell, world's finest
drawing pencil. You'll
be wise to begin now.
A.W.FABER CASTELL
Pencil Co., Inc., Newark 3, N. J.
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Take advantage of the
MECHANICAL
ADVANTAGE
The screw is a combination of two
mechanical principles: the lever,
and the inclined plane in helical
form. The leverage applied to the
nut combines with motion of the nut
around the bolt to exert tremendous
clamping force between the two.
One of the greatest design errors
today, in fact, is failure to realize
the mechanical advantages that
exist in standard nuts and bolts.
Smaller diameters and less costly
grades of fasteners tightened to
their full capacity will create far
stronger joints than those utilizing
bigger and stronger fasteners tight-
ened to only a fraction of their
capacity. Last year, one of our engi-
neers showed a manufacturer how
he could save $97,000 a year simply
by using all the mechanical advan-
tages of a less expensive grade.
When yo2i graduate, make sure
you consider the mechanical advan-
tages that RB&W fasteners provide.
And make sure, too, that you con-
sider the career advantages RB&W
offers mechanical engineers — in the
design, manufacture and application
of mechanical fasteners. If you're
interested in machine design— or
sales engineering, write us for more
information.
RUSSELL, BURDSALL & WARD
BOLT AND NUT COMPANY
Port Chester, N. Y.
Skimming
Industrial
Headlines
Edited by The Staff
Sun-Powered Lighthouse
Six solar-powered lighthouses are
being: built for Japan's Maritime Agen-
cy. Preliminary tests indicate that there
is sufficient sunlight to keep the battery
charged, and that the system will permit
continuous operation.
Making Fuels in Flight
The Air Force is investigating the
possibility of making airplane fuels
while the plane is in flight. It hopes to
develop compounds that will use waste
engine heat to create fuels rather than
destroy them.
Stainless-Steel Igloo
A Toronto company has produced a
portable igloo made of stainless steel
backed by ph^vood. It is now trying to
persuade builders that a similar struc-
ture would be cheap and practical for
use in non-Arctic climates.
Science Is Frills?
Science laboratories and foreign-lan-
guage instruction rooms are classed as
"frills" under the Delaware Board of
Education's revised school construction
cost formula. School districts that want
those facilities must pay the full cost.
Plenty of Baths
Last year, 300 billion gallons of
water were used every day in the U.S..
according to a chemical company. Of
this daily average, 46 per cent was for
industrial and power-generating pur-
poses.
Electronic Gambling
A Las Vegas gambling house has in-
stalled an electronic computer which
patrons are free to use without charge.
The computer does not change the odds
of a game—these always favor the house
—but a gambler has the "satisfaction"
of knowing he played the odds right
even when he loses.
Seasick Bridge
sion will stiffen and restore a "seasick"
200-foot timber and steel cable suspen-
sion bridge that was built in the 1860's.
The bridge is still sound, but it sways
and wiggles beneath modern cars, and
drivers complain of "seasickness" and
"nausea " when crossing it.
Gas-Turbine Bus
RiiSMU claims to have road-tested a
gas-turbine bus. The engine i s 350
horsepower, develops a speed of about
81 miles per hour, and is said to work
equally well in hot and freezing
weather by burning kerosene, gasoline
or diesel oil. Engine weight is said to be
half as heavy as a piston engine of more
than twice the power.
Changing Craftsman
Indian sil\ersmiths who used to make
costume jewelry for tourists are now
making electronic parts for the Atomic
Energy Commission. A New Mexico
firm is using the Indian silversmiths to
make some minor electronic components
under government contracts.
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PhD, MS, BS in EE
PhD, MS in Physics and Mathematics
— ivould yoxi rather blaze trails in electronic
communications theory or consolidate
territory newly won?
YOU CAN AIM YOUR CAREER IN i/TMa DIRECTION
AT STROMBEReCARLSON
Division of General Dynamics
. . .where a group of outstanding scientists
and engineers are conducting both theoretical
and applied studies in many aspects of the
science of communications
While our broad concern at Stromberg-Carlson is in the acqui-
sition, transmission, processing, storage and display of com-
munications data, ancilliary investigations — often seemingly
remote — are carried on to enhance our basic understanding
of the communications field.
TO THE ADVANCED DEGREE CANDIDATE this fre-
quently offers the opportunity, upon completion of his studies,
to continue theoretical investigations initiated in thesis
preparation.
TO THE MAN WHO HAS RECENTLY RECEIVED HIS
BS, it provides varied career choices: to work directly with
experts on research projects; to participate in advanced devel-
opment engineering concerned with the solution of complex
systems engineering and equipment problems; to undertake
the design of specific hardware which may involve the first
practical utilization of new knowledge.
AT ALL LEVELS, the opportunities for professional growth
are exceptional, not only through concentration on work in
advanced areas but through continual contact with able men
trained in other disciplines. Informal consultation between
engineers, physicists, mathematicians, psychologists and lin-
guists is available on a day to day basis. Further, with scien-
tists it is the aim of Stromberg-Carlson's technically-trained
management to maintain the atmosphere of the academic
world, encouraging discussion, publication of papers and par-
ticipation in technical symposia.
The list below indicates
the range of work currently
in progress.
FIELDS OF RESEARCH ENDEAVOR
Paramagnetic Resonance
Thin Photoconductor Films
Ferroetectricity
Propagation and Coding
Speech Analysis
Bandwidth Compression
Hydro-Acoustic Transducers
Molecular Electronics
Defect Sohd State Physics
Parametric Devices
Tunnel Diode Logic
Scatter Propagation Analysis
Plasma Physics
ADVANCED DEVELOPMENT & ENGINEERING
ICBM Communications
Electronic Switching
Nuclear Instrumentation
High-Speed Digital Data Communications
Electronics Reconnaissance Systems
Single Sideband Communications
Synchronous Data Transmission
ASW Techniques
Machine Tool Automation
Radio Data Links
High Intensity Sound Generators
Air Acoustics
Shaped Beam Display Systems
High-Speed Automatic Missile Check-Out Equipment
Super-Speed Read-Out and Printing Equipment
Electro Acoustics & Transducers
Logic Systems
Sound Systems
RF Equipment
Precision Hi-Fi Components
For further information write to the College Relations Section,
Engineering Personnel Department.
I\/IBERG-CARLSON
A D vsoN OF GEIMERAI- DYNAIVII
1450 North Goodman St., Rochester 3. New York
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BRAINWASHING . . .
( (Jontiniu tl fro/ii Ptu/e 34)
there were so many informers, again the
POW's didn't know who to trust and
thus dichi't trust an\body.
Major Mayer emphasizes here that
the Communists were presenting a coun-
ter-revolution b\' devaluing consiprac\'.
They drove a wedge between men.
They might have a revolt, but no revo-
lution. The fact that none of the captive
men tried to escape shows that the Com-
munists had something real to work
with.
Alajor Mayer says self-criticism be-
came a collectivized reh'gious confession-
al which created selfishness and impul-
siveness. Only in confession periods were
the men a group. The need they had for
a group action further promoted confes-
sion. A side reward was keeping the
Chinese happ>' and off the POW's
backs.
IVIail from home was distributed to
the prisoners, but never the happy let-
ters: letters that said, "I love you, John.
Please hurry home." The letters they
read complained about things at home,
shortages of money or food ; or the let-
ters said, "Dear John." The men first
felt resentment toward their families
and friends, then denial. Their past re-
lationships became unreal and gave them
little support in the present.
Worthy of mention is the fact that
captured Marines, Turks and Colum-
bians showed none of the above char-
acteristics. Only 14 Marines signed pe-
titions, none of which were degrading
to self or country. None of the Turks
under the same conditions of captivity
were brainwashed and 100 per cent of
them lived.
The Turks showed tight organiza-
tion within their group. They loved to
harass the Chinese by milling about,
then rushing a guard. The Chinese
would scurry about trying to get extra
guards in position to break the advance.
The Turks would then run only within
a couple of yards of the rifles and sit
down or turn around. Only the top-
ranking Turk officer would speak to
the Chinese. The Chinese removed the
officer in an attempt to eliminate the
authorit\- figure, but the next ranking
Turk would take charge. The Chinese
kept removing the officers and finally
got down to the enlisted men. The
Turks still held the top card. They
delegated authority to the private who
had longest been in the service. The
Chinese finally gave up and returned all
the Turks they had removed to the
group.
The reasons given for the cohesive-
ness of these groups is the existence of
strong discipline in training and esprit
de corps. In addition the intense hatred
the Turks had for Communism was im-
portant. A Turk wouldn't obey even
the most reasonable communist request
because it came from a Communist. The
Columbians' strong religious convictions
held them together. Also held as a rea-
son was the language barrier between
captors and captive.
To combat the effects of brainwash-
ing the government in\'estigating com-
mittee suggested a three-phase training
program with an emphasis on military
discipline, esprit de corps and morale.
The first phase would include train-
ing to develop resistance to Commiuiist
political and economic indoctrination.
Knowledge and appreciation of Ameri-
can heritage, familiarity with world-
program aims, character guidance and
religious beliefs would be emphasized.
In the second phase, means to e\ade
capture, then escape and sm'vival woidd
be stressed. The men would be shown
how to combat physical and mental con-
ditions and how to deal with informers
and collaborators.
The third phase would sho«- the men
how to bring the aid and support of
the L. S. to prisoners.
The government's most important
step to combat brainwashing, however,
was establishing the Code of Conduct.
Its clear-cut rules leave no room for
indecision or doubt of how a captive
soldier should act. The ideas expressed
in the Code and emphasized by Major
Mayer are first that a service man
should resist capture. Once captured, he
should never cooperate and should get
into a group that will resist. The pur-
pose of this is to eliminate the feeling
of aloneness Korean POW's showed.
The men should try to escape and
keep trying over and over again. A
soldier should never compromise with
liis captors. He should do nothing that
would hurt fellow Americans.
The senior officer should take com-
mand of the captive group. The other
men are bound to support him.
When questioned, the POW is bound
to give only his name, rank, service
number and date of birth. This settles
the question in the minds of captives
of how much they can safely tell.
Major Mayer brings the issue closer
to the home front when he says the
men need a set of principles to defend.
He gives the responsibility to the edu-
cation system. Teachers should com-
mit themselves to the students and not
just teach facts. The WHY is import-
ant in a classroom. Knowing what is be-
hind our government can help protect
a man: his loyalty holds and he holds
himself personally responsible.
General L. T. Shepherd says, "In the
struggle against Communism, the POW
camp is another battlefield. A soldier
must be taught courage, faith and a
sense of personal responsibility. There
must be an awakening of the indi\idual
to the principles of our cause."
THE DEAN'S PAGE . . .
(Continued from Page 16)
Summer positions for undergraduates
are also publicized by bulletin much in
the same way as those for graduating
seniors. These summer bulletins are
available on Tuesday both during the
fall and spring semesters, however, more
companies are interested in interviewing
men for summer work during the spring
semester. The summer bulletins are blue,
as contrasted to the regular graduating
senior white bulletin.
Your choice of a job is one of the
most important decisions you will ever
make. You may have other sources
through which you may secure a job,
but don't let the opportunity of seeing
the many companies w^ho come to the
campus for only one purpose—to see
you
—
pass without taking advantage of
it.
Come in and get acquainted with the
Placement Office staff. If you have a
particular problem we are always happy
to help you. If your problem is just
the usual one—finding a good job—we
can help with that too. With all due
modesty we might point out that after
all these years we have a few of the
answers I
Railway To Airport
Moscow is planning a nine-mile ele-
vated railway that will link the city's
imderground rail network with Vnu-
kovo Airport. Rails will be supported
by trestle 20 feet above the ground and
will be built to accommodate trains at
speeds up to 100 miles per hour. The
elevated railway is planned to permit
other transportation to pass underneath
the trestles.
Wildcatting For Steam
A Los Angeles company will soon
begin drilling wildcat test wells on the
island of Hawaii—but for steam, not
oil. The tests will be made near sites
of 1955 and 1960 volcanic eruptions,
and the company hopes to hit lava-
heated steam that can be piped to the
surace to turn tin-bines and generate
electric! tv.
America Goes Oriental
American eaters are going oriental.
One of five consumers now regularly
buys American - Oriental foods, as
against one of 15, 12 years ago.
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Talking Shop. These photographs were taken at
the ISth Annual Joint Technical Meeting,
Standard Oil Company and its affiliates, May
9-13, French Lick, Indiana. More than 350 oil
men attended formal sessions and enjoyed infor-
mal discussions with other scientists.
«?SHOP-TALK" SESSION FOR SCIENTISTS
In a company where scientific research
ranges all the way from palynology to
metal stress, the need for an exchange of
information is imperative. Much of this
can be accomplished with written reports.
Howev'er. Standard Oil has found that a
"Shop-Talk" conference once each year
accomplishes a meeting of scientific minds
that is even more satisfactory.
This year, at Standard's 18th Annual
Joint Technical Meeting more than 80
technical papers were presented to 350
technical experts and representatives of
other departments. Discussed were such
subjects as the potential use of atomic
energy as a commercial fuel souixe, elec-
tronic computer controls, and the use of
S80-an-ounce platinum in making higher
octane gasolines. In addition to these
formal meetings, small discussion groups
and conversations between individuals
contributed to the exchange of ideas. The
result was a stimulating five-day period
that saw new ideas take shape. The meet-
ing benefited everyone—scientists, the
company, and consumers.
This type of meeting, which Standard
pioneered, is another example of scientific
leadership by Standard, and another rea-
son why men with technical training find
a Standard Oil career offers unusual cre-
ative encouragements.
STANDARD OIL TOMPAXY
-910 SOUTH MICHIGAN AVENUE, CHICAGO 80, ILIINOIS
STANDARD
!
THE SIGN OF PROGRESS ...
THROUGH RESEARCH
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NEW CHRYSLER
CAR-A-MINUTE ASSEMBLY PLANT
ADMINISTRATION BLDG.— Architects and Engineers: Sverdrup & Pakceu, St. Louis • General Contractor: Fbuin-Colnon CoNTRAcrrso Co., St. Louis
ASSEMBLY BLDG. — Albert Kahn, Associated Architects and Engineers, Detroit • H. D. Tousley Co., General Contractor. Kirkwood, Mo.
Designed to hold down upkeep.. . equipped witfi JENKINS VALVES
Chrysler Corporation's St.
Louis assembly plant serves
the midwest, employs more
than 4000 in building Val-
iant, Plymouth, Dodge Dart
and new Dodge Lancer cars.
Seven buildings include a
1.3 million square-foot man-
ufacturing building and a
U-shaped administration
building of reinforced con-
crete columns and girders,
with pre-cast concrete floor
and roof deck.
Designed to be "the nation s most modem automobile manufacturing facility,"
this huge new plant also represents an all-out effort to make it a record-breaker
in terms of low upkeep.
That Jenkins Valves would minimize valve maintenance and replacement
costs was assured by the service records of Jenkins Valves in other Chrysler
Corporation plants.
By installing Jenkins Valves to control customary service lines and the
extensive paint carrying system in the St. Louis plant, Chrysler guaranteed
dependability and economy. Yet, the Jenkins Valves cost no more.
You can take the gamble out of valve costs with one word in your specifica-
tions or purchase order ... the word for economy: "JENKINS." For information
about specific valves, ask your local Jenkins Distributor or write—Jenkins Bros.,
100 Park Ave., New York 17.
JENKINS
ICjK for the JENKINS D
VALVE S
I
Jenkins Gate Valves control lines carrying paint
as well as plumbing, heating, air conditioning.
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For the man
who likes to make
his own
career decisions
The Allis-Chalmers Graduate Training Course
is based on freedom of opportunity. You will
have up to two years of practical training to
find the right spot for yourself. At the same
time, you enjoy a steady income. You can ac-
cept a permanent position at any time — when-
ever you can show you are ready.
You help plan your own program, working
with experienced engineers, many of them grad-
uates of the program. Your choice of fields is
as broad as industry itself— for Allis-Chalmers
supplies equipment serving numerous growth
industries.
A unique aspect of the course is its flexibility.
You may start out with a specific field in mind,
then discover that your interests and talents lie
in another direction. You have the freedom to
change your plans at any time while on the
course.
Types of jobs: Research • Design • Development • Manufac-
turing • Application • Sales • Service.
Industries: Agriculture • Cement • Chemical • Construction •
Electric Power • Nuclear Power • Paper • Petroleum • Steel.
Equipment: Steam Turbines • Hydraulic Turbines • Switchgear
• Transformers • Electronics • Reactors • Kilns • Crushers •
Tractors • Earth Movers • Motors • Control • Pumps • Engines:
Diesel, Gas.
Freedom of Opportunity opens the doors to chal-
lenging and intt'resting careers. Among them is
our Nuclear Power Division, with an engineering
staff in Washington. D. C, a new research and
development center in Greendale, Wis., and an
important research effort at Princeton University
involving power from the hydrogen atom. For de-
tails on the opportunities available, write to Allis-
Chalmers, Graduate Training Section, Milwaukee
1, Wisconsin.
ALUS-CHALMERS<^
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Check-Writing Nation
Three out of ever>" five Americans
ha\e checking accounts, and last year
wrote nearly ten billion checks worth
better than three trillion dollars.
Iron Ore Imports
The L . S. has grown steadily more
dependent on iron ore imports since
World War II. Imports have risen
from five million gross tons in 1947
to an estimated 41 million gross tons
this year, while domestic shipments have
varied betvveen 1953s 118 million tons
and 1959's 60 million tons and will
reach about 110 million tons this year.
Ohio Street Fight
The Chamber of Commerce of Belle-
fontaine, Ohio, has successfully defend-
ed the country's oldest stretch of con-
crete street from the state highway de-
partment, which wanted to cover it with
asphalt. The street, a half-block section
of State Route 47, was paved in 1893
and some of the concrete is st'.ll in ex-
cellent condition.
Big Squeezing Business
Use of collapsible metal tubes in-
creased last year by 14 per cent. Pro-
duction of the tubes reached 1,150.013,-
808 and half were filled with tooth
paste.
U. S. Inventiveness Lags
Though the L . S. has long regarded
itself as the world's leader in technical
progress, its inventiveness has declined
since 1930 and it now ranks seventh
among free world nations in patent ap-
plications per one thousand residents.
Product Engineering, McGraw-Hill
publication, declares. Switzerland, the
world leader, produces three times the
number of patent applications per capita
than does the U. S.
Subway Bulb Snatchers
New \ ork City s subway system has
a fool-proof, anti-pilfering defense
against commuters who have the bulb-
snatching habit. Subway light bulbs are
screwed in counter-clock-wise. Regtdar
light bulbs go in clock-wise.
Missile Silos 'Sunk'
The contractor building two under-
ground firing silos for minuteman solid-
propellant missile tests at Cape Ca-
naveral, Fla., is literally "sinking'' the
109-foot-deep silos into Canaveral's
water)- sand. Sections of the huge rein-
forced concrete structures are built at
ground level. As the weight of each sec-
tion sinks the silo into the ground, a
new section is poured on top and the
earth in the middle is excavated by a
crane.
JJoU Don'f Have fo Join the
Service for
TRAVEL — ADVENTURE
EDUCATION
FRICK COMPANY offers a training course for a
smoli select group of trainees each year.
The additional experience and training gained in
this refrigeration course will guarantee your future
in this fast growing field.
Frick graduates are associated with all types of
large industry, all over the world.
Find out how you too can join this select group
of refrigeration experts.
iVz:te . . .
for details and applications for the Student
Training Course today
. . .
Roads Running Red
A part of Bimiingham, England's,
highway network is paved in red. En-
gineers there claim the rubber and
asphalt experimental mixture will offer
longer wear and less maintenance than
conventional coatings.
Metal Fibers?
Metals in fiber form are attracting an
increasing amount of attention by of-
fering such advantages as : controllable
porosity ( important in filters, diffusers.
mixers, flame barriers, and battery
plates ) and controllable density ( use-
ful for structural applications). L sing
fiber metallurgy' techniques, metals can
also be combined with other metals,
ceramics, or plastics to achieve special
properties.
Power Stopping
"Our new power brakes are out of
this world," a salesman for the Xausey
Eight told a prospective lady customer.
"Now with that equipment, instead of
running over a victim, you can stop
squarely on top of him."
Solution To Crisis
A ^oluno^ to the old Far East prob-
lem may be had by making a deal with
the Chinese Communists
—
Quemoy and
Matsu for Boardwalk and Park Place.
Electronics Future
In the consumer electronics are.T.
television will continue to be tremen-
ously important. Inventions are expect-
ed to make color TV more economical
and thus more widely used. Radical de-
sign changes may be expected as new-
types of screens become available. Ra-
dios will continue to be ver>- important,
with wristwatch radios and transmitters
a possibility". Of course Dick Tracy has
had those for years.
Hi-fidelity phonographs will be even
more widely used. New tjpe recording
devices to preser\-e both sound and pic-
ture of TV programs are possible con-
sumer items. Electronic ovens, door
openers, and electronic organs will be-
come more popular consumer products.
Electronic ignition systems for autos,
plus electronic safety devices and traffic
controls may well be in the sights of
the Sixties. Even phonevision may be-
come practical before many years go by
—the combination of sight as well as
voice in personal communication de-
vices.
Here are a couple of mottoes to hang
above your desk
:
"I'm not talking common sense. I'm
talking policy."
"I'm accustomed to your face but it
still scares normal people."
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Boron-10 vs. brain tumors
Physicians and scientists working in
cancer research at Brookhaven National
Laboratory, Upton, N. Y., are probing
the use of Boron-10 isotope in treating
a common type of brain tumor (glio-
blastoma multiforme).
Results of this therapy are so encour-
aging that Brookhaven and at least two
other institutions are constructing addi-
tional nuclear reactors used in this
therapeutic venture.
The method. In a technique known as
Neutron Capture Therapy, the patient
receives an injection of a Boron-10 com-
pound. Cancerous tissue absorbs most
of the neutrons.
In the split second that the Boron-10
becomes radioactive, it produces short-
ranged alpha particles which destroy
cancerous tissue with a minimum of
damage to healthy tissue.
Producing the isotope. The plant fur-
nishing Boron-10 to Brookhaven ordi-
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narily turns out about three pounds
during a 24-hour work day. Separation
of the isotope takes place in what is
described as "the world's most efficient
fractionating system." In 350 feet of
total height, six series-connected Monel*
nickel-copper alloy columns enrich a
complex containing 18.8^' Boron-10 iso-
tope to one containing 92'^t Boron-10.
Purification. To purify the 92% con-
centrate, a whole series of complicated
processing steps are needed . . . includ-
ing deep freeze. Columns, rehoilers,
condensers, vessels, pinnps, and piping
abound — each a constant challenge . . .
both to the metal and to those concerned
with equipment design and operation.
How would you meet such chal-
lenges? Some problems, of course, were
unique and demanded ingenuity of a
high order. But answers to most, 90%
or more, could be found in the vast
"experience bank" maintaineil by Inco
. . . some 300.000 indexed and cross-
referenced reports of melal perform-
ance under all manner of conditions.
Make a mental note: (1) that The
International Nickel Company is a rich
source of information on high-tempera-
ture and corrosion-resisting alloys; (2)
that Inco makes this experience avail-
able to you. SlIoO. Inco
Tlie International Nickel Company, Inc.
New York 3, N. V.
^ International Nickel
The Inlfrnalional Nirkcl ('ninpaiiy. Inc.. is the l". S. .\fiiliale nf the Iiilernulional Nirkel Company
of Cany(I;i. I.iiiiiiei! — prmliner of Inro Niikel. Copper, Cobalt, Iron Ore, Tellurium, Selenium,
Sulfur, and riutinuni, Palladium and Oilier Preeious Metals.
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BOOK REVIEW
ENGINEER'S VEST POCKET BOOK
Published by Ottenheimer Publishers, Inc., Retail Price 90c
4805 Nelson Avenue,
Baltimore 15. Md.
All engineer can't carry in his head
all the information he has ever learned,
but he can carry in his pocket all the
information crammed into the Engi-
neer's Jest-Pocket Book. And what a
mass of information there is.
Whether you are looking for the
formula for the Binominal Theorem,
the properties of structural steel, the
strength of gear teeth, the properties of
saturated and superheated steam, the re-
sistance of immersed body moving
through fluid, thermal stress, resistance,
veniers, cost estimating, properties of
minerals, chemical solubility, or any of
the other 250 main items and 47 inl-
purtant charts, you will find the in-
formation, between the pages (192) of
this handy [iy% x 5 J/), informative
book.
There is an alphabetical index, an in-
dex of charts and tables, as well as 12
marginal indexed headings: Mathe-
matics, Building, Mechanics, Heat, H\-
draulics. Pipes, Electricity, Surveying,
Costing, Mining, Chemistry, and Mis-
cellaneous Data. Everything has been
done to make it easy for you to find
what vou need.
Gyro spin motor produced by Fafnir for B-58 Hustler bomber.
FAFNIR BEARINGS STEER THE HUSTLER
In assembling gyro spin motors from sup-
plied parts, a navigational instrument
maker found that tolerances piled up,
affecting motor performance. Solution?
Production of the complete motor by
Fafnir. An unusual assignment for a ball
bearing manufacturer. But one that shows
the capabilities of America's largest inde-
pendent manufacturer of ball bearings
. . . six plants, over 1% million sq. ft. of
production space.
Looking for the unusual in an engineer-
ing career? At Fafnir, your assignments
will keep you "at ttie turning points of
progress" with a company recognized
everywhere for leadership. For infor-
mation, write Mr. H. B. Van Dorn, Direc-
tor of Engineering, The Fafnir Bear-
ing Company, New Britain, Conn.
FAFNIR
BALL BEARINGS
Monkey Dollars?
Engineers at an English power sta-
tion would like to know what to do
with a monkey skin sent them by a
young Ghanian boy in exchange for lit-
erature and textbooks on power station
engineering. The boy, who wants to be
an electrician, shipped the monkey skin
promptly on receipt of material fur-
nished him b\- station personnel.
Losing Business
Service station dealers may be losing
an average of nearly $20 on every mo-
torist who drives out of their stations.
An oil company survey found that nine
out of ten cars needed one other item
besides gasoline, half needed at least
three items and nearly one in ten need-
ed at least six items.
One-Shot Camera
A fuse-operated, single-shot camera,
onlv one-and-a-half inches in diameter
and one-and-one-fifth inches long, has
been designed in Australia. The baby
camera uses disk-shaped film, takes its
picture with a 0.3 millisecond exposure
at f.8, and can be reloaded and reused
after each firing. Only fuse and firing
lever need be replaced.
Profitable Spillage
An assayer in Nevada developed and
operated what was probably the short-
est-lived mine in Nevada history last
February. The assayer, since 1948, test-
ed iron ore brought to his office by a
mining company. Each truck spilled a
little ore in the parking area. After test-
ing his own property, the assayer mined
700 tons of ore and sold it back to the
mining company.
Sawdust-Based Highway
Canadian engineers are using a thick
layer of sawdust to build a portion of a
highway between Vancouver and New
Westminister, B. C. In this area, the
Burnham Throughway crosses deposits
of peat and very soft clay up to 80 feet
in depth. The sawdust is placed over
the peat, which is too soft to support
construction vehicles and sand is placed
on top of sawdust.
Nine-Story Balloon
.•\ missile maintenance shelter, made
from nylon coated with vinyl, is be-
lieved to be the world's largest air-sup-
ported structure. The main structure
stands nine stories high and measures
150 feet in diameter. Air of one-tenth
of a pound per square inch from low-
pressure, high volume blowers supports
this huge structure which can withstand
hurricanes and sub-freezing tempera-
tures.
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If your sights are set on nuclear power-
-you'll find
Photography
at Work
with you
Already engineers working with
nuclear power have learned that only
utmost purity of materials and metic-
ulous accuracy in manufacture can be
tolerated in a reactor. Steels for the
reactors and reactor vessels are checked
for make-up and molecular structure
with photomicrography and \-rav dif-
fraction. Welds are proved sound and
moderators flawless with radiographv.
And stresses likely to occur are studied
in advance with photo-elastic stress
analysis.
In this new-day industry, as in any
field on which you set your sights,
photography plays a part in making a
better product, in producing it easier,
in selling it faster. It cuts costs and
saves time all along the line.
So. in whatever you plan to do, take
full advantage of all the ways photog-
raphy can help.
CAREERS WITH KODAK:
With photography and photographic proc-
esses becoming increasingly important in
the business and industry of tomorrow,
there are new and challenging opportunities
at Kodak in research, engineering, elec-
tronics, design, sales, and production.
If you are looking for such an interesting
opportunity, write for information about
careers with Kodak. .Address: Business and
Technical Personnel Department, Eastman
Kodak Company, Rochester 4, N. Y.
Mock-up of the Shippingport (Pa.) .Atomic Power Station reactor
which was designed and developed by the Westinghouse Electric
Corporation under the direction of and in technical cooperation
with the Naval Reactors Branch, U.S. .Atomic Energ)- Commission.
EASTMAN KODAK COMPANY
Rochester 4. N. Y.
One of a series
Interview with
General Electric^s Byron A. Case
Manager Employee Compensation Service
Your Salary
at General Electric
Several surveys indicate that salary is
not the primary contributor to job
satisfaction. Nevertheless, salary con-
siderations will certainly play a big
part in your evaluation of career op-
portunities. Perhaps an insight into the
salary policies of a large employer of
engineers like General Electric will
help you focus your personal salary
objectives.
Salary—a most individual and per-
sonal aspect of your job—is difficult to
discuss in general terms. While recog-
nizing this, Mr. Case has tried answering
as directly as possible some of your
questions concerning salary:
Q Mr. Case, what starting salary does
your company pay graduate engineers?
A Well, you know as well as I that
graduates' starting salaries are greatly
influenced by the current demand for
engineering talent. This demand es-
tablishes a range of "going rates" for
engineering graduates which is no doubt
widely known on your campus. Be-
cause General Electric seeks outstand-
ing men, G-E starting salaries for these
candidates lie in the upper part of the
range of "going rates." And within
General Electric's range of starting sal-
aries, each candidate's ability and
potential are carefully evaluated to de-
termine his individual starting salary.
Q How do you go about evaluating
my ability and potential value to your
company?
A We evaluate each individual in the
light of information available to us:
type of degree; demonstrated scholar-
ship; extra-curricular contributions; work
experience; and personal qualities as
appraised by interviewers and faculty
members. These considerations deter-
mine where within G.E.'s current sal-
ary range the engineer's starting salary
will be established.
Q When could I expect my first salary
increase from General Electric end how
much would it be?
A Whether a man is recruited for a
specific job or for one of the principal
training programs for engineers—the
Engineering and Science Program, the
Manufacturing Training Program, or
the Technical Marketing Program—his
individual performance and salary are
reviewed at least once a year.
For engineers one year out of col-
lege, our recent experience indicates a
first-year salary increase between 6 and
15 percent. This percentage spread re-
flects the individual's job performance
and his demonstrated capacity to do
more difficult work. So you see, salary
adjustments reflect individual perform-
ance even at the earliest stages of
professional development. And this
emphasis on performance increases
as experience and general competence
increase.
Q How much can I expect to be making
after five years with General Electric?
A As I just mentioned, ability has a
sharply increasing influence on your
salary, so you have a great deal of per-
sonal control over the answer to your
question.
It may be helpful to look at the cur-
rent salaries of all General Electric
technical-college graduates who re-
ceived their bachelor's degrees in 1954
(and now have five years' experience).
Their current median salary, reflect-
ing both merit and economic changes,
is about 70 percent above the 1954
median starting rate. Current salaries
for outstanding engineers from this
class are more than double the 1954
median starting rates and, in some
cases, are three or four times as great.
Q What kinds of benefit programs I
does your company offer, Mr. Case?
A Since I must be brief, I shall merely
outline the many General Electric em-
ployee benefit programs. These include
a liberal pension plan, insurance plans,
an emergency aid plan, employee dis-
counts, and educational assistance pro-
grams.
The General Electric Insurance Plan
has been widely hailed as a "pace
setter" in American industry. In addi-
tion to helping employees and their
families meet ordinary medical expen-
ses, the Plan also affords protection
against the expenses of "catastrophic"
accidents and illnesses which can wipe
out personal savings and put a family
deeply in debt. Additional coverages in-
clude life insurance, accidental death
insurance, and maternity benefits.
Our newest plan is the Savings and
Security Program which permits em-
ployees to invest up to six percent of
their earnings in U.S. Savings Bonds
or in combinations of Bonds and Gen-
eral Electric stock. These savings are
supplemented by a Company Propor-
tionate Payment equal to 50 percent
of the employee's investment, subject
to a prescribed holding period.
If Yoii ivoiild like a reprint of an
informative article entitled,'^^How
to Evaluate Job Offers" by Dr. L.
E. Saline, icrite to Section 959-l-i,
General Electric Co., Schenectady
5, New i ork.
Progress is Our Most Imporfanf Proc/ucf
GENERAL AeLECTRIC
tz
€.^
-^jC
-^y/ Co//.
/
i-
vx.
This mark identifies modern, dependable steel.
Look for it on consumer products.
This is an
artist's concept of
the world's biggest
radio telescope
This giant telescope will use radio
waves to locate objects that are bil-
lions of hght years out in space. The
dish-shaped mirror will be 600 feet in
diameter—about the size of Yankee
Stadium. It wHl be the biggest mov-
able radio telescope ever known.
As you'd imagine, it is going to take
a lot of material to build an instru-
ment this size. The American Bridge
Division of United States Steel, as a
major subcontractor, is fabricating
and erecting 20,000 tons of structural
steel for the framework alone. The
U. S. Navy through the prime con-
tractor is super\"ising the entire job.
When it's completed. there'U be a
power plant, ofSce buildings and per-
sonnel facilities for a permanent 500-
man crew. The site is near Sugar
Grove, West Virginia.
United States Steel produces many
of the materials that are essential for
construction: Structural caurbon steel;
high strength steels: alloy steels; stain-
less steels; steel piling; steel drainage
products; cements; slag: reinforcing
bars: welded wire fabric; wire rope:
steel fence; electrical cable; and other
allied products.
The most important building pro-
jects in our nation depend on steel.
And steel depends on men like you. If
you would like to find out about the
many career opportunities at U. S.
Steel, send the coupon.
USS is a registered trademark
United States Steel Corooration
Personnel Division, Room 60856
525 William Penn Place
Pittsburgh 30, Pennsylvania
Please send me career information
about U.S. Steel.
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Electrons traveling faster than light in the new University
of Illinois reactor producing the glow known as "Cerenkov Radi-
ation" have inspired our cover artist, Barbara Polan to create
our cover, Rodiation-Triga Mark II.
The crushing
pressure of
2,000,000 psi
At the General Motors Research Laboratories the 600-ton tetrahedral anvil press duplicates pressures
which exist 200 miles beneath the earth's surface. The purpose: to study the combined effect of ultra-high
pressure and temperature on the physical and chemical properties of known materials w^ith an eye toward
improving their properties or even creating new materials.
"What happens to solids at pressures of 2,000,000 psi and 7,000 degrees F.? General Motors has
the research facilities required to answer these questions. In addition, GM offers experience
and diversification to provide the young scientist and engineer with unlimited opportunity.
Automotive research, production engineering and manufacturing, electronics and astronautics
are just a few^ of the many technical areas offered. You w^ill be given every opportunity to con-
centrate on one, or if your interests are varied you may move into other divisions. You'll be in
a position to tackle big jobs at GM because this is where important things are being done. It's
the opportunity of a lifetime and it offers a lifetime of opportunity.
General Motors also has a program which provides financial aid for postgraduate and under-
graduate studies. For more complete information check with your college Placement Officer,
or write to General Motors Salaried Personnel Staff, Detroit 2, Michigan.
GENERAL MOTORS
GM positions now available in these fields for men tiolding Bactielor's, Master's and Doctor's degrees: Mechanical, Electrical, Industrial, Metallurgical, Chemical,
and Ceramic Engineering • Mathematics • Industrial Design • Physics • Chemistry • Engineering Mechanics • Business Administration and Related Fields
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ONE IN A SERIES
Bendix answers your questions
WHAT ARE MY
JOB PROSPECTS?
However phrased, the employment question is probably uppermost in your
mind as j'ou approach graduation.
Actually, your prospects are excellent. The Engineers Joint Council
anticipates a strong job market this year. The demand for engi-
neers is increasing sharply, while the numbers of both new
enrollments and graduates are decreasing.
And, according to the American Society for Engineering
Education, engineering and the sciences are among the
fastest growing professions. The Society reports in its
Journal of Engineering Education, April, 1960: "Twenty
years ago only one scientific or technical worker was
employed for every 100 people in the labor force;
today there is one for every 32 workers."
If you graduate with a good record and
are willing to carry responsibility as you
develop your own professional and leader-
ship abilities, you will find excellent
opportunities at Bendix, where you can
build your career to suit your
talents. See the fields listed below.
Arrange for a BendLx interview through
your Placement Director, or write to
C. S. Cleveland, The Bendix Corpora-
tion, Fisher Building, Detroit 2,
Michigan, for more details.
CAREER OPPORTUNITIES IN: CALIFORNIA • CONNECTICUT • INDIANA • IOWA • MARYLAND MICHIGAN • MISSOURI • NEW JERSEY • NEW YORK • OHIO • PENNSYLVANIA
A THOUSAND DIVERSIFIED PRODL'CTS SERVING THESE FIELDS:
automotive • electronics • missiles & space • aviation • nucleonics • computer • machine tools • sonar • marine
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Your handbook of
CAREER OPPORTUNITIES
with PHILLIPS 66
The booklet, "A Career with a Future," describes the
many job opportunities available with Phillips Petro-
leum Company. Phillips is one of America's largest and
most diversified petroleum companies. Because its
activities include every phase of producing, manufac-
turing and marketing petroleum, natural gas, natural
gas liquids and petrochemicals, Phillips offers you the
choice of a career suited to your interests and education.
Phillips research and development programs
include such widely diversified projects as
atomic energy . . . synthetic rubber . . . plastics
. . . exotic fuels . . . fertilizers. Phillips rapid
expansion has created many new opportuni-
ties for engineers and scientists in geology,
geophysics, computer programming, marketing, pro-
duction and transportation.
Opportunities for advancement are provided by
Phillips policy of promotion from within. Ambitious
young engineers and scientists are encouraged and
given the chance to become the key men of tomorrow
with this vigorous, expanding organization. Phillips
interests in three major growth industries— oil, natural
gas and chemicals
—
provide desirable stability.
Write today for the brochure, "A Career with
a Future," to Phillips Technical Manpower
Di\ision. And arrange for an interview,
through your Placement Office, when the
Phillips representatives visit your campus.
PHILLIPS PETROLEUM COMPANY
Bartlesviile, Oklahoma
THE TECHNOGRAPI-
From the Editor's Desk .
Competition in the Class Room
Life is a series of contests with one's environment and with those with whom we share
our environment. Man, being an inquisitive creature, is continually compiling facts about him-
self and his surroundings—how fast he can cove' a mile distance as compared to previously re-
corded times for both himself and others. From these facts he plots his own improvement and
determines how he ranks as a runner.
Data collecting is also one of an engineer's many tools. He cannot solve great great prob-
lems if he does not know where they exist. Therefore he relentlessly studies and records and
learns more of this world and beyond.
The classroom is also a data collection center. Students ore tested on principles that they
have been taught, and the resulting grades are tabulated into the familiar bell curve. The
majority of the students fall into the central classification; the lax and ambitious fill in the end
minorities. This type of ranking and competition is only natural. As the mile runner, the student
has the opportunity to rate his learning and rank his efforts with others.
Students are taught by some means; this is usually a teacher in front of the classroom.
This teacher does his best to present the subject clearly so that everyone can learn. Yet, when
exam time nears, this same teacher changes sides and does all in his power to confuse and frus-
trate the student. This is necessary to make a student really use his brain, but some teachers
seemingly use these tricky test tactics only to show their own superiority— rising high above the
student and hovering like a hawk over a chicken. At the end of the course everyone has received
low grades, but these are curved up so that thj usual number pass and fail and everything is
fine—or is it? One does not train a dog by rewarding his efforts with a slap on the nose. By
the some rights, it seems that receiving low grades time after time when an effort to learn
has been made will only serve to moke many lose interest and even give up.
The top student will be driven to even greater study. He will probably be strong enough
to last this period of trial and learn more, but many students of overage ability will be pushed
back down the ladder. Education should favor the brilliant, but not at the expense of the ma-
jority. What about this majority? Should they bj taught to aim for mediocrity or con we realize
more leaders from the center of the bell curve. This need not be at the expense of the upper
class student, for he can be placed in classes taught at his level. This plan is being used suc-
cessfully in some high schools. Even so, one must remember that if there are only two pupils in
a room, there will still be two levels of intelligence. The teacher who is trying to increase these
levels should continually work with, not in competition with his class.
-C. H. J.
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Thomas O'Connell (B.S. in M.E., Notre Dame, '54; M.B.A., New
York University, '60). Recently, as part of his job in marketing
at IBM, he found himself assisting the customer technicians
with the design problems of one of the world's busiest bridges.
h
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WHAT'S AN IBM MAN GOT TO DO
WITH REDESIGNING A BRIDGE?
Tom O'Connell is an engineer working in marketing areas as an
IBM Data Processing Representative. His job is to introduce
management to the advantages of electronic data processing.
Once they have acquired an IBM system, he acts as a con-
sultant on new uses for the system.
A Spectacular Engineering Achievement. How is he helping to
redesign a bridge? One of his clients is the agency which con-
structs and operates transportation facilities in the New York-
New Jersey area. Recently, they began to add a lower deck to
the George Washington Bridge. It has been a spectacular engi-
neering achievement. Sections were brought up the Hudson
River on barges and hoisted hundreds of feet into position. All
this while heavy traffic continued in both directions.
This double-decking of one of the world's busiest bridges took
complex planning. An IBM system materially aided in the veri-
fication of bridge design calculations and in suspension bridge
truss analysis under various loading conditions. Tom O'Connell
supplied many of the computer programs that were used in
conjunction with other programs developed by the customer.
Tom now knows a lot more about the problems of bridge design.
A Job That Makes News. One of the exciting aspects of Data
Processing Marketing at IBM is this wide diversity of systems
application. Using the knowledge a man has gained in college,
and backed by the comprehensive training he receives at IBM,
he moves into many kinds of application areas. The areas are
always interesting, sometimes newsworthy. In fact, almost
every day newspapers carry stories about new applications of
computer systems in important areas of business, industry,
science and government.
If you would like to find out in more detail about the many kinds
of marketing opportunities at IBM, our representative will be
visiting your campus soon. He'll be glad to sit down with you
and discuss the reasons why marketing is a career with a
virtually unlimited future. Your placement office can make an
appointment. Or you may write, outlining briefly your back-
ground, to:
Harley A. Thronson
IBM Corporation
618 S. Michigan Ave.
Chicago 5, III.
You naturally have a better chance to grow with a growth company.
IBM
The care and feeding of a
It takes more than pressing a button to send a giant rocl<et on its way.
Actually, almost as many man-hours go into the design and construction
ot the support equipment as into the missile itself. A leading factor in the
reliability of Douglas missile systems is the company's practice of including
all the necessary ground handling units, plus detailed procedures for system
utilization and crew training. This com p lete job allows Douglas missiles lil<e
THOR, Nil^e HERCULES, Nii^e AJAX and others to move quickly from test
to operational status and perform with outstanding dependability. Douglas
is seeking qualified engineers and scientists for the design of missiles,
space systems and their supporting equipment. Write to C. C. LaVene,
Box 600-IVl, Douglas Aircraft Company, Santa Monica, California.
Alfred J. Carah, Chief Design Engineer, discusses the ground installation
requirements for a series of THOR-boosted space l^^ll^l AC
probes with Donald W. Douglas, Jr., President of l/wUwLMO
MISSILE AND SPACE SYSTEMS MILITARY AIRCRAFT DC-8 JETLINERS CARGO TRANSPORTS AIRCOMBs GROUND SUPPORT EQUIPMENT
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How to advance through lateral movement
THE LATERAL PASS is a perfect example of how to
get ahead by first going sideways. And lateral
movement is a philosophy we use at Koppers.
Here's how it works. Let's say you're a new em-
ployee at Koppers. We give you a specific assignment.
You find it exciting, challenging. You do a good job.
But do we leave you there? Not at all. Once you
understand that particular operation, we try you on
a different assignment. Here, again, you'll find the
work new and stimulating.
You'll never be buried at Koppers. You'll never
stand still intellectually. Moving from one operation
to another, you'll move ahead. Your assignment
won't be to learn just a job. but many jobs. Your
compensation? Advancement, responsibility, success.
Your youth won't be held against you. Neither
will short tenure. If you have the ability and the
desire to get ahead, you'll move fast! Our system of
continuous appraisal and evaluation is your guar-
antee of that.
Koppers is so widely diversified that you can al-
most name your job. Want to work with chemicals,
jet-engine sound control, plastics, sintering plants,
wood preservatives, road surfacing materials, elec-
trostatic precipitators? Interested in research? Pro-
duction? Sales? These are only a few of the fascinat-
ing opportunities at Koppers.
Why not find out how you can fit into the Koppers
picture? Write to the Personnel Manager. Koppers
Company, Inc., Room 230, Koppers BIdg., Pitts-
burgh 19, Pennsylvania. Or, sec your College Place-
ment Director and arrange an appointment with a
Koppers representative for the next recruiting visit.
KOPPERS
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Gerald Beck (left), reactor supervisor, and Prof. Marvin Wymon prepare
to tour the facilities.
TRIGA
A LOOK AT ILLINOIS' NEW
NUCLEAR REACTOR
By Ernie Frankovich
^Vhat is the new building erected on
the Northeast section of the University
of Illinois campus? What is the enor-
mous stack used for? Why was it con-
structed that tall? These are the ques-
tions which many people have been ask-
ing themselves.
The dark gray, rectangular buildinu'
which was recently constructed is the
Nuclear Reactor Lab. Inside is the
Triga Mark II Training and Research
Nuclear Reactor, which was desitrned
and built by the General Atomic Divi-
sion of the General Dynamics Corpora-
tion. Triga is the code name for Train-
ing - Research - Isotope Production-
General Atomic. The exact site of the
reactor is on Western Avenue midwa\
between Gregory Street and Goodwin
Avenue.
The dark gray, rectangular buildint:
is a simply designed, concrete structure.
The simplicity' and solidness of the lab
makes it stand out against a background
of older homes and ramshackled ware-
houses. The only thing that changes the
plainness of the sides are two doors and
an air inlet near the base of the build-
ing.
The main entrance faces north and
leads into a small receiving lobby. To
vour right, as you enter, there is a con-
ference room, and to your left there
are stairs leadin^ to the different levels
of the reactor. The main office and con-
trol room is directly opposite the en-
trance. Glass partitions in the north and
east walls provide continuous observa-
tion of the lobby and the main floor.
The other entrance is a tvvelve foot
STuare truck door which is located on
the south side of the building. The un-
loading area is a twelve bv nine and a
half foot truck bay combined with a
walkaway at the mezzanine level. The
truck bay extends to the right where
there are the stairs to the main reactor
floor, observation walkway, and the
upper level of the reactor.
The tremendous weight of the steel
and concrete Nuclear Research Lab is
supported by thirty metal shell castin-
place concrete piles which had been
driven into the ground bv a steam pile
driver at a minimum depth of fortv
and one-half feet. A six and one-half
by one foot concrete footing was then
poured over them. Over each of the
thirtv piles, there is a steel beam. The
exterior walls are eight inches thick,
scored, concrete blocks and the inter-
ior walls have four inch thick, scored,
concrete blocks.
The reactor itself is on a special con-
crete base 'and has ten piles similar to
those used to keep the building from
settling. The reactor room floor is a six-
inch concrete slab poured on undisturbed
earth.
Located a hundred feet to the south
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ot the reactor building is a twelve thous-
and gallon, steel, gasoline storage tank.
If this tank were to explode, most ot
the buildings in the immediate area
\vould be damaged. But, inside the lab,
scorched paint on the walls and burnt
insulation on the wiring to the light
bulbs would be the only damage from
the intense heat. The wiring to the re-
actor is underneath the concrete floor
and would not be affected by the he.it.
If the power would be interrupted, the
reactor would immediately shut down.
The intense heat would not be able to
penetrate the water shielding of the
core to cause any damage.
Suopose an extremely violent tornado
would hit the building squarely. If this
haopened, the walls and roof would def-
initely not be able to withstand the ter-
rific suction of the funnel. Still, the re-
actor wouldn't be affected. Thus, the
two most threatening dangers would not
affect the reactor itself. The other pos-
sibilities border on the imaainary and
even these wouldn't affect the reactor.
For the transportation of the radio ac-
tive samples with their containers to
and from the reactor well, there is an
overhead crane. This is needed because
one lead container may weigh between
five and six hundred pounds.
The ventilation and air conditioning
equipment contains two filter sections.
One is a five micron absolute filter
which filters out all dust particles. The
blower used is capable of chaneing the
air in the building even,- hour. The ex-
hausted air is discharged through the
smoke stack to a height of over sixty
feet. Fresh air enters through an air
conditioning unit which heats the air in
the winter.
For the discharging of waste, there
are four floor drains, one trench drain,
and the clean-up shower and sink which
drains the waste into a five hundred gal-
lon retention tank. A trash pump is pro-
vided for the drainage of the tank. After
the waste has been held up in the tank
for some time, a sample of the waste is
taken. If the waste is safe, the tank is
pumped into the twenty-four inch sani-
tan' sewer.
To ensure the safety of the popula-
tion, there is an intricate alarm system.
This is the Area Radiation Monitor
which is located in seven different places.
These are in the lobby, reactor, thermal
column, demineralizer, water supply,
filter, and at the top of the exhaust fun-
nel. If the radiation rises above the set
level, an alarm buzzes on the control
panel in the control room. This set level
is below the safety factor prescribed by
the Atomic Energv' Commission.
This shows that all possible precau-
tions ha\ e been taken for the protection
of the population.
University of Illinois nuclear reactor is 22 feet tall. Concrete walls around
6'2 feet diameter tank are 7^2 feet thick for 12 feet around "hot" area,
3 feet thick above.
Extending down to array through 16 feet of demineralized water are con-
trol rods, connections, and pipes for placing test specimens.
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Graphite plug in special opening leading to core of University of Illinois nuclear reactor is remove d by Rodger C.
Nichols, Oak Park, research assistant. Five-foot thick concrete door at left normally fits into opening.
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"Hot" area Is seen at bottom of tank through 16 feet of demineralized water. Reaction is controlled by rods ex-
tending down from left. U. of I. reactor is unique in safety and capabaility for "pulsing" which may increase
noma! 100,000 watt output to 1,000,000,000 watts for effects equalling much bigger and costlier machine.
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Electrons travelling faster than light in new University of lilinois reactor produce blue glow of "Cerenkov radia-
tion" which reveals fuel elements through 16 feet of demineralized water.
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This steel plant consumes l/400th of the
electric power generated in the United States
Surprising? Not if you realize that steelmaking requires
a tremendous amount of electric power.
It takes about 20,000 electric motors to drive the
rolling mills and other equipment at our Sparrows Point
Plant, near Baltimore, the nation's largest steelmaking
plant. Here, at our own steam-electric generating station,
we produce enough power for a city of 250,000.
It goes without saying that we need the services of
electrical engineers to design, construct, and maintain
the vast and complicated array of electrical equipment
at our many plants and facilities.
Bethlehem offers excellent career opportuni-
ties for men in virtually all engineering curricula:
metallurgical, mechanical, chemical, industrial, civil, min-
ing, ceramic, architectural, and others. We suggest that
you discuss Bethlehem with your Placement Officer. And
be sure to pick up a copy of our booklet, "Careers with
Bethlehem Steel and the Loop Course."
BETHLEHEM STEEL COMPANY
Bethlehem, Pa.
for Strength
.
. . Economy
. . .
Versatility BETHLEHEM STEEL
BETHBEHEM
STEEL
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As you plan your career- be sure to consider
Monsanto. It may surprise you that
Monsanto needs electrical and mechanical engineers,
as well as chemical engineers.
Fact is, though, that Monsanto offers many opportuni-
ties to men with your professional training, including:
Mechanical Engineers . .
.
• Plant design and layout
• Equipment selection
• Materials specification
• Design of new and unique
equipment
Process control
instrumentation
Applied researcti
Automated process systems
engineering
Equipment evaluation and selection
Plant engineering
Construction
Specialization in the fields
of fluid mechanics, stress
analysis, heat transfer, etc.
Electrical Engineers .
.
• Design of electrical
systems
Power distribution and
substation design
May we discuss these with you as we visit your
campus this year? ^ ou can arrange for this visit with
your Placement Director;
or write Professional Em-
ployment Manager, EM -2,
Monsanto Chemical Com-
pany, St. Louis 66, Missouri.
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.
Have Diploma—Will Travel
Hawaii - I
Total - 422 graduates
1957 GEOGRAPHIC DISTRIBUTION OF ENGINEERING GRADUATES OF UNIVERSITY OF ILLINOIS
I
A diploma
—
graiitinji you a degree in
some field of engineering—will soon be
yours. What then? Where will you
travel? What fields can you consider?
How far can \ou go? It is up to you
to furnish the answers to these ques-
tions.
Many of you will make no geographi-
cal change whatever, but will merely
change your registration from the Col-
lege of Engineering to the Graduate
College and remain to work for an ad-
\anced degree.
Because of the rapid expansion of
technology within the past few years,
the demand for men with advanced de-
grees is growing every year. The fact
that qualified students are preparing to
meet this demand is shown by the in-
crease in the number of students re-
maining for graduate degrees. Here are
the figures:
1055— 8.44%
1956— 10.067c.
1957—11.08%
1958—12.95%
1959—13.82%
1960—15.53%
AnaUze yourself carefully, evaluate
your abilities and decide whether or not
an advanced degree will lead you fur-
ther toward your ultimate goal. If you
think it will, by all means don't move
—stay on and complete it now.
The military service may offer you
opportunity for travel for the next six
months, a year, two years, and in some
cases even three years. If this is to be
your lot, don't let this be a period of
"marking time" ; learn all you can about
as many things as possible. What you
learn may help you when you are able
to resume your professional engineering
career.
For those of you that can and do ac-
cept engineering employment as soon as
yoin' diploma is in hand—where will
you travel? Since 1956, students have
given location as the number one reason
for accepting a position. A desirable lo-
cation means many things to many peo-
ple: returning to one's home town, or
getting as far away from it as possible
;
going to a large city, or living in a
small town ; a warm climate where there
will be no snow to shovel during the
winter months, or cold weather and an
opportunity to participate in winter
sports. The two maps show the geo-
graphic distribution of the graduates of
1957 and of 1960. By comparing the
two you can see that the palm trees
and wanii winter weather in California
still call, but not as strongly in 1960
as they did in 1957. The fact that many
people prefer to stay near home can be
seen by the concentration of employ-
ment in the State of Illinois. But there
were others who preferred to travel to
30 of the 48 states.
What other factors will affect your
decision ? Types of work are many and
varied. Other important considerations
are company reputations, types of in-
dustries, family connections, and sal-
aries. Salaries, incidentally, are increas-
ing: they rose 32.9%. from 1955 to
1960 and from all indications they will
continue to go up.
Once you have your diploma you'll
be well-armed and ready to travel—but
remember that how far «/> you go may
well depend on ivhcrc you go. As Mr.
Paladin might say—some roads are
rockier than others
!
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Total- 437 graduates
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Design for your future!
Learn how to build the new
DEEP-STRENGTH
Asphalt pavements
If you're going into Civil Engineering, it will pay
you to keep a close eye on Asphalt design devel-
opments.
Here, for example, is the latest from Oklahoma
... one of the new, DEEP-STRENGTH Asphalt
pavements the state is using on Interstate 40.
This one is outstanding because its base is 8 inches
of hot-mixed—hot-laid sand-Asphalt ... no coarse
aggregate.
Why 8 inches? Why not 6 or 10? What did engi-
neers do to insure good drainage? What factors
set the design?
The Asphalt Institute answers questions like
these . . . keeps you abreast of all the latest in the
design of Asphalt Highways, the most durable
and economical pavements known. Would you
like our new booklet, "Advanced Design Criteria
for Asphalt Pavements", or our "Thickness De-
sign Manual"? Write us.
Ribbons o/ velvet smoothness . . . ^^^
ASPHALT-paved Interstate Highways ^"^
THE ASPHALT INSTITUTE
Asphalt Institute Building, College Park, Maryland
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How doYou
IVIeet a Challenge?
At Delco Radio we're meeting the staggering challenges of the
Space Age with a combination of outstanding resources and abihties.
Latest addition to the Delco complex of over one million
square feet of modern laboratory, manufacturing and office facilities
is the new 125,000 sq. ft. research and engineering center now
under construction in Kokomo, Indiana.
But physical resources are only half the story. Delco's rise
to prominence in the fields of electronics and solid state physics
has been led by men of unusual abilities.
And, just as it's necessary to continue expanding our physical
resources, we must continue to seek out capable men to meet the
increasing challenges of the future. We need ambitious young
men with new ideas—new talent.
If a bold, aggressive program of action is what you're interested in,
write to Mr. Carl Longshore—Supervisor, Salaried Employment,
or talk with our representative when he visits your campus.
DELCO'S NE
ELco Kadio Division of General Motors
Kokomo, Indiana
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&Y PWILIP L. ^EUEBEIZ.
Since the beginning of time, man has
been awed and bewildered by the moon
and its changing phases and beauty.
Many pagan tribes \vorshiped the moon ;
in fact, some tribes in very remote areas
still do. There have been many theories
of how the moon came into being. Some
say that the tidal effects of the Sun.
coupled with the elliptical shape of the
Earth, produced a bulge where the Pa-
cific Ocean is now, which eventually
separated from the Earth and formed
the moon. Another theory is that the
Earth at one time was surrounded by a
belt of gases and minerals, similar to
those of Saturn, which fused into a
solid body. A third theory is that the
moon was a separate planet which was
captured and held by the strong gravi-
tational field of the Earth.
Man has long entertained the notion
of traveling to the moon. Man's
thoughts have ranged from fantasy to
very conservative ideas. One of the
famous dreamers was Jules V erne, who
concocted a story of travel to the moon
by way of a huge shell fired from a
cannon. More scientific thinking on this
subject was done by such men as Tsial-
kouslci, Oberth, and Goddard. Natural-
ly progress was slow. By 1930, how-
ever, France's Esnault-Pelterie was giv-
ing lectures on some of the problems
involved in lunar flights, both in direct
flight to the moon and flight from orbit-
ing satellites. The German rocket so-
ciety was also interested, at about this
time and on into the 1940's. in possible
lunar probes.
One can easily see that space travel is
not a new subject. Only recently how-
ever, various countries have shown signs
that they are nearly ready for success-
ful probes.
On March 27, 1958, ARPA was or-
dered by Defense Secretary Xeil H.
McElroy to begin investigation of pos-
sible lunar probes. Only twelve days
later the Air Force was instructed to
make three probes, and the Army was
given two more. The Air Force has
made its series of shots.
C^ne of the purposes of these experi-
ments was to investigate the intense cos-
mic radiation discovered by previous
earth satellites. This was accomplished
and it was found that this radiation was
only a relatively thin band lying be-
tween 2,00(1 and 10,000 miles from the
earth's surface. The thinness of this
band will enable later space exploration
with much less shielding than was at
first thought necessary.
Cither purposes of the Air Force
probes were to orbit the moon, to take
pictures of the moon's far side, to meas-
ure the moon's magnetic field, if any,
and to measure a possible field of mi-
crometeorites past the moon's far side.
Unfortunately, none of these projects
was accomplished.
The Air Force made three tries. The
first was on August 17, 1958; the rock-
et exploded 77 seconds after firing, with
only 50,000 feet altitude attained. The
failure was probably due to a pressure
leak or a broken fuel line.
Tiie second try, on October 1 1 , was
actually very encouraging. A layman
might say that the shot covered only
about a third of the distance to the
moon, so the probe wasn't even close.
However, it can be shown that the
velocity to travel the 80,000 miles at-
tained is approximately 24,500 miles
per hour. Likewise, the velocity re-
quired to escape effectively the earth's
gravitational field is approximately 25,-
000 miles per hour. One can see that a
mistake of only 500 miles per hour in
25,000 is pretty fair.
The cause of the error in velocity was
due to a 3.5 degree error in the angle
of the second stage trajectory. Also, be-
cause of automatic cutofi's, there was ten
seconds buriung time left in the second
stage. As the rocket returned to the
earth, several attempts were made to
fire the terminal rocket part. There was
hope of creating an earth satellite with
a perigee of 20,000 miles. However,
decreasing temperatures prevented the
batteries from operating properly.
The third try took place on Novem-
ber 8, when the rocket attained a height
of about 1,000 miles. Unfortunately,
the third stage failed.
A Thor-Able missile was used for
the Air Force probes. The firing se-
quence was as follows:
1. A standard Thor intermediate
range missile, having a thrust of ap-
proximately 160,000 pounds, was fired
\erticall\- and then tilted to the desired
angle of pitch. This was the angle that
was in error by 3.5 degrees in the sec-
ond attempt. After burnout of this stage
the missile was to coast a short time.
2. A modified Vanguard, with a
thrust of .some 20,000 pounds, was fired
in the second stage. After burnout the
nu'.ssilc was traveling at about 18,000
miles per hour. Again there was a short
coasting period.
3. Third stage was a solid propellant
rocket of 8,(100 poiuids thrust. At burn-
out the missile was traveling at about
24,000 miles per hour, or around 500
miles per hour slow.
4. The fourth stage was the retro-
rocket which failed to fire in the second
attempt. It was to be fired as it ap-
proached the moon. It was to be posi-
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tioned normal to the flight path and
when fired was to begin its orbit around
the moon.
The overall height of the Thor-Able
combination was 88.1 feet. The final
stage weighed 83.8 pounds, including
25 pounds of instruments. These includ-
ed a Dopier command receiver, a tele-
vision scanner, a cosmic ray telescope,
an ion chamber, a micrometeorite count-
er, and a magnetometer.
Army
The Army has made two attempts to
send a rocket to the moon ; either to hit
it or to go on past it.
On December 5. 1958. the Army shot
its first moon rocket, a Juno II, firing
Pioneer III. The rocket was to achieve
escape velocitv, seven miles per second
or greater. This speed would enable it
to enter an orbit around the sun. The
rocket failed to burn all its fuel, how-
ever, and after it traveled to a height
of 63,580 miles, fell back to the earth.
The Army made its second attempt
in March 3, 1959. A Juno II rocket
propelled Pioneer IV past the moon
into an orbit around the sun. Forty-one
hours after launching it passed within
37.000 miles of the moon. The gold-
plated nose cone, weighing 13.4 lb. and
carniing a 90-hour battery-powered
radio transmitter and radiation tubes,
continued on into space and entered into
an orbit around the sun on ^larch 17.
The radio signals faded out about 410,-
000 miles from the surface of the earth.
If the batteries had lasted, the radio
could have been heard 4.000.000 miles
from earth. The sun satellite should set-
tle into an orbit slightly more eliptical
than the earth's, with a period of 395
days and a speed of 64.800 miles per
hour.
A Jupiter IRBM was the first stage.
The upper stages were identical to the
Explorer Jupiter-C vehicles. The second
stage was made up of 11 scaled down
Sergeant missiles. These surrounded the
third stage which consisted of 3 such
missiles. These, in turn, were placed
around a single scaled down Sergeant
missile that is the fourth stage.
Russia
During the Eighth Congress of the
International Astronautical Federation
held in November, 1957, the Russian
delegates discussed some aspects of lunar
probes. The\" felt that Russia would
fire the first successful probe, which
came true \vhen on January' 2, 1959,
the Soviet Union fired a 796 lb. satel-
lite into orbit around the sun. Lunik
(later changed to Mechta) passed with-
in 4,700 miles of the moon. Radio con-
tact was lost at 374.000 miles, but it
was known that the rocket had achie\"ed
escape velocity. Lunik is believed to be
in a 4-14 day orbit around the sun and
traveling at a speed of 63,100 miles per
hour.
These delegates indicated that the
second try would probably have thrust
reversers and would plant itself on the
moon's surface to record the surface
temperature then. The third tr>' is
scheduled to take close-ups of the moon's
surface, probably of the side never seen
before.
The fourth attempt may carry^ a man
or animal if previous tries are success-
ful and sufficient information is ob-
tained.
Future
Before the first manned trip to the
moon is taken, a number of unmanned
probes will be made to gather informa-
tion on cosmic rays, solar radiation, and
meteor frequencies. Photographs of the
surface of the moon will be taken from
unnamed rockets so that a suitable place
for the landing of the first manned
probe can be chosen. There will be many
tests of space suits and of man's physi-
cal limitations before the trip to the
moon is attempted.
The moon rocket will be constructed
in an orbit around the earth. A winged
rocket orbiting around the earth will
be the base of operations. Winged ferry
vessels that will glide back to earth and
be reused will transport the compo-
nents of the moon rocket from the sur-
face of the earth to an orbit about
1,075 miles above the earth. Construc-
tion men will assemble the prefabricated
parts into the various components of the
moon rocket. The parts will have to be
tied together because they will tend to
drift apart under the small difference
in orbital radius. Conventional construc-
tion methods will probably be used, be-
cause the force and temperature that
will be acting on the moon rocket will
be less than those already experienced in
the trip from the earth.
The moon ship will not ha\e smooth
lines, but will probably be spherical, be-
cause the sphere is the most practical
shape available as a pressure container
and gives maximum volume with mini-
mum materials.
The crew that will man the journey
to the moon will probably consist of a
physician, a geologist, a rocket and me-
chanical engineer, a radio and radar spe-
cialist, a surveyor, and a physicist. The
crew will be carefully selected on the
basis of psychological stability', physique,
and weight.
Xewton showed that all bodies in
the L niverse move in strict accordance
with the law of gravitation and Kepler
showed that the path of any body obey-
ing this law would follow the shape
of a conic section. The voyage to the
moon will trace a long, slender ellipse
«hose major axis intersects the earth
and the moon. The exact shape of the
ellipse will be determined by the orbital
radius from which the vovage will start
and the velocity and inclination angle
of the rocket at cutoff.
If we assume an orbit of 1,075 miles,
the circular velocity will be 4.39 mi sec.
Thus the ship already has an appreciable
velocity before it starts on its journey
to the moon. The velocity that must be
added to put the ship into the desired
ellipse, will depend on he angle of
launch and the cutoff velocity. The
rocket can be considered a celestial
body, and the means for calculating its
path are available.
One of the greatest problems of the
journey will be the actual landing on
the moon. The first difficulty is select-
ing a suitable spot. A walled plain in
the region of the North or South Pole
will probably be chosen. The anticipated
temperature range and the terrain of
the landing area will be studied closely.
There will be a great deal of detailed
data obtained from the unmanned
probes, but even then the final landing
point will be selected by captain of the
moon ship.
The simplest part of the journey will
be the trip to and from the moon. An
automatic pilot will take charge of the
moon ship at the take-off from the earth
orbit and will cut out the rocket engine
at the proper velocity and altitude. Ra-
dar signals will be used to correct the
automatic pilot settings throughout the
journey, because extreme accuracy is
needed to arrive at a specific spot on
the moon.
The flight to the moon will take
about five days, depending on the size
of the space ship, the fuel expended, and
the accelerations the human body can
safely endure. At the beginning of the
fifth day, the rocket ship will reach the
neutral point between the gravitational
fields of the earth and of the moon.
L'ntil this time, the ship has been de-
celerating since the rocket cutoff, be-
cause the earth's gravitational field was
stronger than that of the moon. After
passing the neutral point, the moon's
gravitational field will become the
stronger of the two, and the ship will
start accelerating toward the moon.
When the vehicle starts to accelerate, it
will be rotated approximately 180° into
the landing position by three fh^vheels
at the center of gravity. ^Vhen any of
these flywheels rotate, the reaction will
move the rocket in the opposite direc-
tion.
At a predetermined altitude above the
surface of the moon, the rocket motor
will start to retard the ship. The exact
altitude will be determined by a radar
altimeter, which will van' the thrust
of the now revised rocket engines to
control the rate of decent. The perfect
landing occurs when the thrust of the
rocket motors exactly equals the weight
of the ship at the surface of the moon.
(Continued on Page 53)
22 THE TECHNOGRAPH
A Campus-to-Career Case History
Field assignments, plus theoretical lab work (above), keep Larry Carmody's engineering career stimulating.
Iff your ffuture is engineering, put
yourself in Larry Carmody's shoes
Lawrence M. Carmody formed some firm con-
victions about his future engineering career
while a senior at Illinois Institute of Technology.
'T wanted to do significant work," he says,
"and have a variety of assignments that would
broaden me and keep my job interesting. I
wanted to make good use of my schooling and
express my own ideas. And, like anyone with
ambition, 1 wanted all the responsibility I could
handle and some genuine opportunities to keep
moving ahead."
Larry got his B.S.E.E. degree in June, 1955,
and went with Illinois Bell Telephone Company
in Chicago. He first worked in the Radio and
Special Services Group of the Transmission En-
gineering Division. There, in addition to re-
Like to be in Larry's shoes? Many young
careers just as rewarding willi llir Mel
Why not find out about opporlunitii's
with the Bell interviewer when he visits
llic Ufll Telephone booklet on file in
ceiving more advanced training, he:
• designed moliile radio systems
• did path studies of radio circuit routes
• worked on a special air-to-ground communi-
calit)ns project for an airline
• did field work for a new, transistorized walkie-
talkie system developed by Bell Laboratories.
Today, Larry is planning and designing state-
wide long-distance facilities involving micro-
wave, carrier, and cable systems— projecting
circuit needs as far ahead as 20 years. His
recommendations often represent hundreds of
thousands of dollars in equipment and facilities.
"Telephone company engineering is 'tops' in
my book," says Larry.
college men are pursuing
I Telephone (lonipanies.
for you? Have a talk
your campus— and read
vour Placement Office.
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n
a year from today
4 where, how will you be applying
your engineering knowledge?
Soon many positions will be made available to you
and you must select a cornerstone for >our career. Be
analytical; you ha\e a great deal to in\est. Make sure
the company offers room for personal growth plus
the stimulus for achievement.
We urge you to examine Hamilton Standard, for we
know our compan\- offers the ideal enxironment for
an engineering graduate. Long famous for its accom-
plishments in aerospace equipment, the company's
Ad\-anced Product Planning Program promises exciting
e.xpansion into entirely new industries. You will en]0\":
A VARIETY OF ENGINEERING ACTIVITY to sus-
Ask the Hamilton Standard campus representa-
tive every key question concerning your career.
In the meanwhile, send for your copy of our
40-page brochure, engixeering for you .\nd
YOUR FUTURE. Write: R. J. Harding, Adminis-
trator—College Relations
tain \our interest, quickly broaden your experience and
continually create ad\ancement opportunities.
AN OUTSTANDING GRADUATE STUDY PRO-
GRAM . . . tuition-paid program at accredited col-
leges and universities . . . Rensselaer Polytechnic
Institute. Uni\crsit\- of Connecticut and others.
SMALL PROJECT GROUP APPROACH to assign-
ments gi\e you a sharper conception of the total prob-
lem and the e\olution of each product.
DESIRABLE CONNECTICUT LIVING in a pictur-
esque countr\ setting, \et near New York and Boston.
E.xcellent schools and housing.
BREATHING SYSTEM FOR
THE B-70 BOMBER
A highly sensitive air induction system produced
by Hamilton Standard will help this mighty air-
craft attain speeds of over 2,000 miles on hour
and altitudes to 70.000 feet. Design and develop-
ment of this complex system underscores Hamilton
Standard's capability in the fields of aerodynam-
ics, hydraulics, electronics and electro-mechanicol
controls.
HAMILTON STANDARD DIVISION
an organization dedicated to S::>cienfi/LC ondc:^ln£erLna E:^(cellmce^
UNITED AIRCRAFT CORPORATION
WINDSOR LOCKS, CONNECTICUT
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ONLY 12 INCHES WIDE...
Tom Speer, Senior Engineering Research Supervisor at Stand-
ard Oil. inspects one of the 12 sections in a new miniature
road tester. Under simulated weather conditions, four wheels
whirl around to reveal wear patterns and other vital informa-
tion. (INSET) Ruler shows wear pattern after strip has
taken pounding from tires during rain, freeze, thaw and heat.
...THIS 'ROAD' CARRIES
WORLD'S HEAVIEST TRAFFIC!
Say good-bye to washboard pavements and
chuck holes— their doom may be sealed!
Key weapon in the war on costly road dam-
age is a new miniature highway developed in
the Standard Oil research laboratories in
Whiting, Indiana. It is only 12 inches wide and
44 feet in circumference, but it carries heavier
loads than any highway in the world . ThisTom
Thumb turnpike will eventually lead to meth-
ods of building longer-lasting, smoother, safer
highways. ..at far less cost to taxpayers.
Four wheels whirling around hour after hour
can give it any degree of traffic intensity de-
sired. Pressure that corresponds to the weight
of the heaviest trucks can be applied to the
wheels. To simulate actual traffic, the wheels
are placed on braking and acceleration 90 per
cent of the time. Automated electronic equip-
ment can quickly change "road conditions"
from desert dry to cloudburst drenched."Road
conditions", too, can be changed from freezing
to thawing.
Within weeks, the new test-tube roadway
can determine what happens to roads during
years of use in all kinds of weather. It can pre-
test paving formulas and techniques, and may
show how to eliminate washboard pavement
and chuck holes. Savings in highway research
alone may run into millions of dollars. Even
larger savings in auto and road repairs and
possibly in gasoline taxes are in sight.
This test-tube roadway is just one of the
many exciting developments at Standard.
Every day, scientificresearch, pureand applied,
points the way to new or improved products.
This work holds great challenge and satisfac-
tion for young men who are interested in scien-
tific and technical careers.
STANDARD OIL COMPANY
910 SOUTH MICHIGAN AVENUE, CHICAGO 80, ILLINOIS
standard)
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THE SIGN OF PROGRESS ...
THROUGH RESEARCH
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DATA PROCESSING AND OPERATIONS
ANALYSIS ON A SCIENTIFIC COMPUTER
from U. S. Department of Commerce, Natiotial
Bureau of Standards
Among the first areas in which the
potentialities of automatic computation
were exploited and its techniques adopt-
ed on a broad basis was the solving of
the large accounting, operational, statis-
tical, and other specialized problems that
arise in business, industry', and Govern-
ment. The intense activitv of this kind
which still exists is immediately evident
in the number of data processinsi and
operations analysis problems the Nation-
al Bureau of Standards is called upon
to solve. The demand for assistance in
these relati\"ely new areas is so great,
that at present such work accounts for
about 20 per cent of the time the Bu-
reau's 704 computer is in use and about
one-third of the coding effort expended.
Data processing and operations anal-
ysis problems come not only from the
Bureau's staff but from other Govern-
ment agencies who call upon the NBS
computing facility for help in applying
present-day electronic methods to infor-
mation processing, information retrieval,
accounting, reporting, and large-scale
analysis. To illustrate the scope of this
work, some of the problems which ha\-e
recently been sohed or on which the
Bureau is now working are discussed
below.
Autotag
-A war-game study called Autotag,
which simulates battles involving tanks
and antitank systems, was programmed
and carried out by the Bureau for the
Combat Operations Research Group of
Technical Operations, Inc, Use of com-
puters to play war games in this way is
becoming more and more frequent be-
cause the present development of wea-
pons systems is so rapid that it is diffi-
cult to obtain the experience needed for
competent tactical decisions. The com-
puter, with its ability to simulate hun-
dreds of maneuvers cheaply and rapidly,
can in many cases provide an acceptable
substitute for actual military exercises.
In addition, the computer, instead of
acting intuitixely, can analyze numerous
possible courses of action and supply the
proper one for the battle situation at
hand.
In the Autotag studv. conducted bv
W. G. Hall and J. M. Beiman of the
Bureau's Computation Laboratory,
combat-simulation model was designed
to evaluate the perfonnance of anti-
armor weapons systems in a variet)' of
topographic and en%Tronmental situa-
tions. In any one simulation, each side
may have up to 31 weapons which may
be any or all of 10 different types. Each
weapon is specified by 69 adjustable par-
ameters. Some of these specify weapon
type. They include, for example, maxi-
mum and minimum range, hit probabil-
ities, probabilistic delay times for
weapon action, dispersion of fire as a
function of range, and kill-if-hit prob-
abilities. Other parameters relate to a
particular weapon. Position and velocity
coordinates, status indications ("dead"
or "'visible to enemy, " for example),
and indices specifying the weapons' tar-
get selection rules are some of these.
Each side is also permitted up to 7
mine fields and artillen,- fire at any of 7
intensities before and during the battle.
Two additional parameters specify the
vulnerabilit>- of each weapon to mines
and artillery. It is assumed that no wea-
pon is ever "killed" by the artillery or
mines of its own side.
Simulations are carried out in se-
quences which include from one to 15
games, differing only in the random
numbers controlling the outcomes of
probabilistic events. The results are re-
corded on magnetic tape and an addi-
tional computer routine later performs
the necessary tabulations and statistical
analyses. Detailed histories of each sim-
ulation are also preserved for further
analysis.
Electrocardiograph Analysis
Under the sponsorship of the Veter-
an's Administration, the Bureau is de-
signing computer programs that will
analyze human heartbeats. The heart-
beat data are in the form of electro-
cardiograms which have been converted
to digital readings by a method devel-
oped by the Bureau's Data Processing
Systems Laboraton". The abilit)' to pro-
vide a rapid, detailed analysis of such
records suggests a method for improv-
ing the procedures employed in diagnos-
ing various heart ailments.
The programming of the computer
for this purpose is being carried out by J
R. J. Arms of the Computation Labora-
tor>-. His immediate obiecti\es are to de-
tect the time intervals of important
phases of the heartbeat cycle, to locate
the least-squares planes in these cycles
and determine the goodness of plane
fit, and to find mean vectors, mean ve-
locities, and the velocity variance. Al-
though the time-inter\al detection has
been found difficult and may not be
sufitable to digital methods, finding the
means and the least-squares fits is a
common digital problem. Digital meth-
ods are also immediately applicable to
the analysis of these parameters along
with about 100 others, which will in-
clude age, weight, and known diseases,
to name a few,
Low-Rent Housing Analysis
L nder the sponsorship of the Public
Housing Administration, the Bureau
analyzes for error the yearly reports on
tenants in federally aided or owned low-
rent housing projects. This annual status
examination is necessary to determine
the tenants' eligibility for continued oc-
cupancy. Approximately 400,000 sucli
examinations must be centrally edited
for inconsistencies and prepared for sta-
tistical presentation.
Inconsistencies and errors may occur
among almost any combinations of the
many items of data required for each
tenant. These data include four items
on income, nine on exemptions, two on
rent, three on family composition, and
others on age, race, and service status,
plus pertinent remarks where amplifica-
tion is necessan". Also, the diversity of
backgrounds among the individual re-
spondents makes for further difficult}- in
predicting the volume and nature of er-
rors likely to occur. It is therefore neces-
san' to make numerous checks on the
relationships among the several items of
data.
To facilitate these editorial opera-
tions, G. H. Urban and A. T. Xelms
of the Data Processing Systems Labora-
tory developed a comprehensive compu-
ter program. The intial step in prepar-
ing reports for input to the computer is
1
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the coding of remarks—a clerical opera-
tion performed in accordance with a sim-
ple two-digit code. Data cards are thtn
punched from the reports and convert-
ed to magnetic tape. An additional in-
put to the program is the '"project head-
er file" which contains in one record
per housing project all the rules govern-
ing the administration of that project,
the name and the full address of the
respondent, and various other project
descriptions for statistical purposes.
The main editing program contains
about 3800 computer instructions. Here
the data are analyzed critically for re-
porting inconsistencies and policy viola-
tions. Whenever an error is detected, it
is recorded on magnetic tape. Six ma-
chine words are required to describe a.id
index the error. Whenever possible, the
program corrects erroneous data and de-
rives entries for items left blank. The
data are further distributed into mean-
ingful statistical arrays.
Another program sorts the errors
wnthin each project by the assigned
quer>- mmibers and writes an expository
paragraph describing the inconsistenc)
or violation. These paragraphs become
the substance of letters automatically
generated and addressed to appropriate
regional and proiect authorities. The
names of the families involved are tab-
ulated for printing following each para-
graph. The letters are transferred to
magnetic tape and are then ready for
oft-line productive printing on continu-
ous-feed letterhead paper.
Payroll Operations
A program that will allow the Xa-
rional Bureau of Standards to use a
computer for generating payroll and
other personnel services reports has re-
cently been completed by M. L. Paul-
sen and P. L. Ruttenberg of the Com-
putation Laboratory. This development
was based on information obtained in
an original study which G. L rban of the
Data Processing Systems Laboratory-
conducted under the Bureau's program
of assistance to other Government agen-
cies. The complexity of the present un-
dertaking is indicated by the many re-
ports and documents which must be
considered. These include the master
pay list, the payroll for personnel serv-
ices, check issues and statements of earn-
ing, time cards, savings bond schedules
and purchase lists, earning reports, and
withholding tax statements.
Like many data processing problems.
the payroll operation utilizes a master
tape, which in this case contains, for
each employee, all pertinent information
(name, pay rate, number of depend-
ents, etc. ) This master tape is continual-
ly updated by merging it with records
of personnel actions such as new ap-
pointments, promotions, and separations.
From the updated master tape and the
Fig. 1. A high-speed computation facility at the National Bureau of Stand-
ards is applied to many data processing and operation analysis problems
submitted by both the Bureau's staff and other Government agencies.
Fig. 2. Artist's conception of a war gome study called Autotag which simu-
lates battles involving tanks and antitank systems. This is one of the opera-
tions analysis problems which the National Bureau of Standards solves by
automatic computation.
time-card information for a given pay
period, the computer produces payroll
repwrts.
Test runs have shown that the com-
puter can duplicate in a few minutes the
work which it now takes approximately
SO man-hours to accomplish each pay
period.
Traffic Studies
The Bureau is engaged in program-
ming and solving several data processing
problems on traffic for the Bureau of
Public Roads. This work, carried out
by S. T. Peavy and R. N. Varner of
the Computation Laborator\', is basic to
the effective design of new roads and
highway networks.
One important aspect of the investi-
gations is the de\elopment of equations
that will accurately predict traffic pat-
terns. The Bureau is presently analyz-
ing data on traffic passing through a
signalized intersection in efforts to dc-
(Continued on Page 30)
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Wliat would YOU do
as an engineer* i
Development testing of liquid hydrogen-fueled rockets is car-
ried out in specially built test stands like this at Pratt &
Whitney Aircraft's Florida Research and Development Center.
Every phase of an experimental engine test may be controlled
by engineers from a remote blockhouse (inset), v^ith closed-
circuit television providing a means for visual observation.
ratt & Whitney Aircraft?
Regardless of your specialty, you would work in a
favorable engineering atmosphere.
Back in 1925, when Pratt & Whitney Aircraft was
designing and developing the first of its family of
histor>-making powerplants, an attitude was born—
a
recognition that engineering excellence was the key
to success.
That attitude, that recognition of the prime impor-
tance of technical superiority is still predominant at
P&W.A. today.
The field, of course, is broader now, the challenge
greater. No longer are the company's requirements
confined to graduates with degrees in mechanical
and aeronautical engineering. Pratt & Whitney Air-
craft today is concerned with the development of
all forms of tlight propulsion systems for the aero-
space medium—air breathing, rocket, nuclear and
other advanced types. Some are entirely new in
concept. To carry out analytical, design, experimental
Dr materials engineering assigtmients, men with
degrees in mechanical, aeronautical, electrical, chem-
ical and nuclear engineering are needed, along
with those holding degrees in physics, chemistry
and metallurgy.
Specifically, what would you do?—your own engi-
neering talent provides the best answer. And Pratt
& Whitney Aircraft provides the atmosphere in which
iat talent can flourish.
For further information regarding an engineering
pareer at Pratt & Whitney Aircraft, consult your col-
iege placement officer or write to Mr. R. P. Azinger,
pngineering Department, Pratt & Whitney Aircraft,
^st Hartford 8, Connecticut.
At P&WA's Connecticut Aircraft Nuclear Engine Lab-
oratory (CANEL) many technical talents are focused
on the development of nuclear propulsion systems for
fufure air and space vehicles. With this live mock-up
of a reactor, nuclear scientists and engineers can
determine critical mass, material reactivity coefficients,
control effectiveness and other reactor parameters.
Representative of electronic aids functioning for P&WA
engineers is this on-site data recording center which
can provide automatically recorded and computed
data simultaneously with the testing of an engine. This
equipment is capable of recording 1,200 different
values per second.
Studies of solar energy collection and liquid and vapor
power cycles typify P&WA's research in advanced
space auxiliary power systems. Analytical and Experi-
mental Engineers work together in such programs to
establish and test basic concepts.
PRATT & WHITINEY AIRCRAFT
Division of United Aircraft Corporation
CONNECTICUT OPERATIONS - East Hartford
FLORIDA RESEARCH AND DEVELOPMENT CENTER - Palm Beach County, Florida
Fig. 3. The components of the heart vector, as seen on an oscilloscope (left)
are at present analyzed by 2-dimensional projections right) of the generated
space curve. The Notional Bureau of Standards is in the early stages of
devising digital techniques for carrying out the some analysis by machine
methods.
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Artist's idea of the use of a computer to design new computers at the
National Bureau of Standards. The wiring table shown provides data on
length of wire, position of ends and type of terminal, and name and class
of signals.
DATA PROCESSING . . .
(Continued from Fagc 27
)
rive such equaf'oiis. Part of the coding
for this problem and an auxiliary code
for the analysis of data on highway ac-
cidents have been completed. The results
of the latter code, which relates the ac-
cident rate to control of road access,
were requested by the Congress for a
highway safety study it has authorized.
Another problem, dealing with the as-
signment of projected traffic to existing
and proposed routes, is handled by a pro-
gram which computes a "tree" of mini-
mum travel-time paths from each point
in an urban area to all other points.
Bureau facilities are used to make runs
for the Washington (D,C.) area, the
Minneapolis-St. Paul area, and the Co-
lumbus (Ohio) area.
Linear Programming
The Bureau solves a variety of logis-
tics problems quickly and easily by mak-
ing use of a relatively new mathemati-
cal field known as linear programming.
In applying linear programming to a
problem the first step is to interpret
mathematically the various conditions
imposed. On the basis of this analysis,
one of several linear programming com-
putation procedures, previously coded
for the computer, is applied to the data
of the specific problem.
The applicability of linear program- I
ming has greatly increased with the ad- I
vent of high-speed computers, whose
size and soeed permit the treatment of
larger and more complicated svstems.
Furthermore, the increasing availability
of such advanced computers suggests
that the utility of linear programming
can be greatly extended. Already the
Bureau is considering problems which
are formally similar to those solved by
linear programming techniques but have
prexiously been thought to be beyond
the scope of this method. Thus, Bureau
mathematicians A. J. Goldman and L.
S. Joel are investigating the reduction
of very-large-scale systems by approxi-
and combinatory methods, nonlinear pro- A
gramming, and stochastic programming. -'^
The Bmeau is attempting to extend
linear programming to a \ariety of prob-
lems ranging from the selection of fre-
quencies for air navigational radio sta-
tions at the request of the Federal Avia-
tion Agency to the allocation of medi-
cal supplies to hospitals through a depot
system with variable unit costs of ship-
ment and storage—a problem submitted
by the Veterans Administration and the
General Services Administration. Other
work includes two studies for the Fed-
eral Communications Commission. In
one, the Bureau is determining the opti-
mum channel frequency and station lo-
cation for commercial television stations.
In the other, it is seeking the optimum
(Continued on Page 49)
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The Versatility of Radiography in Non
Destructive Testing of Materials
By Thomas H. Gabbard
Xon-(icstructi\(.- tcstiii"; of mati-iials
consists of directiiifi a ganinia ray or
X-ray through a piecf of nu'tal onto a
tihii. The rays \ary in intensity inverse-
h' with the density of the test piece
tliroueh which they pass. A void in the
metal being examined will allow great-
er freedom to tlie passage of the rays
.•nd, therefore, greater exposure on the
film in that particular area. The film
serves as a nien.ns of checking a castin;j
for fissures, cracks, or voids.
The X-rays and ^^amma ra\s that are
• i''ed to test the materials are similar to
'irrht ravs. but they are invisible to the
human eye and have short wa\e lengths.
They also h-'v" more penetrating power
than li^ht. The ra"s are produced in
two different wavs. X-ravs are produced
in a cathode tube similar to a television
tube. The free electrons created in the
cathode tube are beamed onto a target
of some appropriate metal. These elec-
trons, when stopped by the tarr^et, re-
place electrons in the atoms of the tar-
get. When this exchange occurs, energy
is given off in the form of X-ravs. The
intensity of the X-ravs depends upon
the power supplied in producing the
free electrons. Therefore, X-rav inten-
sity may be varied by altering the volt-
age to the machine.
Gamma rays are similar to X-ravs,
but gamma rays are created during the
deterioration of a radioactive isotope.
The isotopes are by-proilucts of an
atomic pile. As they deteriorate to a
lower energy state, energy is given off
in the form of gamma rays. The in-
tensity of the gamma ravs depends on
the particular isotope used and, there-
fore, may be varied by changing the iso-
tope.
X-ray and gamma ray equipment
make a mobile, versatile inspection tool
in that safe, reliable, non-destructi'.e
tests can be made of parts that ha\c
\aried thicknesses, odd shanes, or in-
accessible surfaces. Versatility is the
main advantage of the radiography in-
dustry. One piece of X-ra\' equipment
may be used to inspect a 111 inch ^teel
forging for a machine or a I'j inch
alumnium sheet for an airplane fusel-
age. Union Carbide installed a 2 mil-
lion volt X-ray machine on an overhead
crane that would permit the equip-
ment to mo\-e verticallv or horizontallv.
or to rotate. This p.irticul;n' installation
enables the company to inspect known
trouble spots in large castings from an>'
angle. Where the material of the cast-
ing is \ery thin, the pouer of the ma-
chine is turned down so that satisfac-
tory radiographs can be obtained. At
thicker sections the power is increased
for deeper penetration. Graphs are sup-
plied witli the equipment to indicate
what power to use in any situation.
Smaller X-ray machines are niounte<l
on fork-lifts or rolling carts. These
mountings create mobility in the equip-
ment, [devices of this kind weigh as lit-
tle as 100 pounds for 100,000 volts.
X-rays can be taken to any part of the
plant where a power source exists. The<e
smaller mobile units are used in the air-
craft and shipbuilding industries where
the product is too large to move to the
insnection equipment.
Safet.\' is an integral part of X-ray
equipment. Since the focal point of the
radiation is only about one millimeter
in diameter, the operator can stand be-
hind the equipment, which is designed
to be a shield, and be perfectly safe. A
control unit, separate from the source
of X-rays, can be placed an\where.
When the power is turned off no radia-
tions are emitted ; consequently, the
equipment can be moved frcclv.
(ramma ray equipment has many
versatile properties, too. This relatively
new industry is finding widespread ac-
ceptance in bridge construction, foim-
dry work and shipbuilding. The equip-
ment, containing the power source in
its interior, is light and of one piece con-
strviction. A gamma ray source may be
carried to bridge sights where no power
source is a\ailable, or it ma\' be moved
around in the shop.
The radioactive isotope is a more
powerful radiation source than the
X-ray equipment. For this reason, gam-
ma sources are smaller and more com-
pact than equivalent X-ray sources. One
man can carry a lower power piece of
gamma ray equipment which weighs
onh' 3^ to 50 povnids.
The man who carries this eiiuipnicit
will be entireh' safe. The gamma radia-
tion is constant, but the equipment is
constructed so that the cone in which
the "slug" is placed is rotated. By ro-
tating the cone, the opening is covered
by a protective sheild. When the eqmp-
ment is in use, the cone is lined up with
an exterior opein'ng. The operator can
safely stand behind the equipment.
A new use of gamma radiography is
being developed in the boiler and pres-
sure vessel industries. The radioactive
source is removed by remote control
from the carrier and placed inside the
vessel. Since the radiations are non-di-
rectionaly, one exposure will radiograph
the entire perimeter of the vessel. To
•iccomplish this task with X-rays the
equipment has to be rotated slowh' so
that the "spot" circles the perimeter.
Gamma radiography is highlv mobile,
but the ability to radiograph varied
thicknes.ses is limited by the specified
ran^e of the isotone in use. Cobalt 60
mav be used satisfactorilv for 3 inches
to 10 inches of steel, whereas Iridium
\92 is better suited for 3'4 'tKh to 3
inches. If one source is available, it is
n"t practical to have a standby source
of another isotope since decay of the
material occurs constantlv.
Another limitation to the use of gam-
ma rays arises from the need for many
charts to determine the exposure time
and permissible thickness, each of which
qualities chansres with time.
The versatility of both X-rays and
^"^amma rays is limited to some extent
—
X-rays b\ the need for power source
and gamma ra\s by the unchangeable
radiation of each isotope used. How-
ever, these limitations are neglible when
compared to the savings accrued by
being able to determine defective ma-
terial quickly and easilv. The gamma
ray and the X-ray equipment can be
used to inspect a wide range of thick-
nesses in many materials and to inspect
odd shapes and inacccssable surfaces.
Both are highly mobile due to the rela-
ti\el\' small size of the equipment.
Due to inherent disad\ antages of
changing source intensity. costK' replac-
ing of sources, and waste from cotistant
decay, the gamma radiographic equip-
ment has not achieved the widespread
popularity of the X-ray equipment.
However, new demands for non-des-
tructive testing may change this situa-
tion in the near future. If the price of
radioacti\e isotopes were reduced, the
demand for this type of equipment
would increase, since both provide safe,
economical, non-destructive tests of ma-
terials under a varietv of conditions.
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JUDY SCHIEMANN
As winter winds begin to blow and old man
winter is just around the corner let's take a look
at Judy Schiemann as we found her last sum-
mer—beautifully tanned and with her blonde
hair bleached only by the sun. Judy loves all
water sports and with her 5'6", 34"-23"-34"
figure, she certainly does justice to her bathing
suit.
Judy has now pust aside water skiing for
the winter and is spending her freshman year
studying art in preparation either for a career
in painting or for teaching art. In her spare time
she lives to dance and she enjoys both jazz and
classical music.
Judy is a Chicago girl, but is now living at
Van Doren Hall and serves on its standards
board. One last tidbit of information— she's quite
datable and can be reached at 2-6511 ex 1044.
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Energy conversion is our business
Earth's attraction for an apple?
Free fall in relativistic space?
A complex meson field?
Built-in return power for project
Mercury?
How is it related to binding energy?
Gravity is both a bane and a boon to man's
efforts — and a thorough understanding of
it is of great significance in the completion
of Allison's energy conversion mission.
Gravity conditions our thinking on ad-
vanced assignments. For example, in
outer space there is a disorientation of
conventional design. The fact that large
accelerations can be obtained with low
thrust forces has taken us into the new field
of electrical propulsion, ion and magneto-
hydrodynamic rockets.
In our inquiries, we supplement our own
resources by calling on many talents and
capabilities: General Motors Corporation,
its Divisions, other individuals and organi-
zations. By applying this systems engineer-
ing concept to new projects, we increase
the effectiveness with which we accom-
plish our mission — exploring the needs of
advanced propulsion andweapons systems.
Division of General Motors, Indianapolis 6, Indiana
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THE NIKE SYSTEMS
By Ronald Zachary
Z^22Z^U,
Toda3' the newspapers are filled with
news of missiles and satellites. The
papers have brought to light the fact
that our potential enemy is eight years
ahead of the United States in the mis-
sile field. Our enemy, as reported, has
missiles (ICBM's) capable of bombard-
ing every major city in our country.
Just how are we preparing to defend
our country against such an attack?
The L nited States army is now de-
veloping an anti-missile missile—the
Nike Zeus. Since the infonnation on the
Xike Zeus is still confidential, the Nike
Ajax system will be explained. The basic
missiles and control systems are the
same in both Nike systems.
The overall system will be explained
and then, the control system.
The Nike Ajax set is divided into two
definite areas—the integrated fire con-
trol are (IFC) and the launching area.
The launching area contains the launch-
er, the section control panel, and the
launching control trailer. The IFC area,
which is a considerable distance from the
launching area contains the target track-
ing radar (TTR), the missile tracking
radar (MTR), the acquisition radar,
the material and service trailer, the
radar trailer, and the battery control
trailer.
The battery control trailer is the
heart of the control system for the Nike.
From here the Battery Commander
(EC) directs the firing of the missiles.
This trailer contains duplicate radar
screens as in the radar trailer, the elec-
tronic computer, the tracking board, and
the switches necessary- for firing the mis-
sile.
After a probable target is picked up
on the acquisition radar, a signal is sent
out to determine whether the targets
are friends or foes. If it is determined
that the targets are foes, the B C then
selects the most likely target. By means
of a peepscope on the acquisition radar
screen, the TTR is locked on the tar-
get automatically.
At the same time the B C selects
one of the ready missiles. The MTR is
then locked on the missile selected.
Once the TTR is locked on the tar-
get and MTR is locked on the missile,
the pertinent infonnation is sent into
the electronic computer. The electronic
computer then transcribes the informa-
tion to the tracking board.
The tracking board uses two point-
ers. The first pointer shows the dis-
tance and altitude of the target while,
before firing, the second pointer shows
the probable point of interception. When
the B C determines the most advan-
tageous time to fire, he presses the fire
button. The missile is fired automatical-
ly and the second pointer then shows the
position of the missile.
After the missile has been fired, the
MTR sends pertinent infonnation on
its position to the computer. At the same
time TTR is feeding information on
the target to the computer. As the target
changes course, the computer deciphers
the information and then sends control
signals to the missile to alter its course
to intercept the target. When the mis-
sile is within killing range of the target,
the missile is automatically exploded,
destroying the target.
Probably the most important advan-
tage is that, once the missile has been
fired, nothing is left to human error.
Everything is done automatically. Also,
the target cannot escape the missile as
long as it is within the missile's range.
The speed of the missile is faster than
that of any known aircraft today.
Probably the biggest disadvantage of
this system is that the radar can be
jammed. This can be done only by a
multi-signal generator which is very
large and bulky, and cannot be trans-
ported in an aircraft. At last known
count, there were only four within the
L nited States, and these were licensed
by the government.
The only other disadvantage is that
human error is possible in the prepara-
tion of the missile for firing and there
is the possibility of failure of certain
components of the missile. Through re-
search, most of the known failures have
been eliminated.
This basic system is applicable to the
Nike Zeus missile with a few changes.
These changes must incorporate a means
of control of the missile when it leaves
the atmosphere. Both of these problems
are now being worked out by the Uni-
ted States Armv.
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Northrop is an analog- for progress where engineers
-and ideas -grow to reach their maximum poten-
tial. It takes a lot of engineer to measure up to
Northrop's creative engineering challenges.
To convert our sophisticated requirements into
producible and reliable systems calls for intellectual
stature, disciplined imagination, and an explorer's
venturesome curiosity.
Northrop is rich in advanced projects to grow on.
If you want to associate yourself with an organiza-
tion that is producing tomorrow's technological
headlines today, stand up and be measured. Send us
a card or letter today with your name, address, and
area of special interest.
NORTHROP CORPORATION, P.O. BOX 1525, BEVERLY HILLS, CALIF.
DIVISIONS: MORAIR /RADIOPLANt
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CIVIL ENGINEERING
at the
UNIVERSITY OF ILLINOIS
Civil engineering is a broad field em-
bracing much of the technological de-
velopment of our country. It can be di-
vided into four major areas: structural
engineering, transportation engineering,
sanitary engineering, and hydraulic en-
gineering ; other areas of interest are
surveying and mapping, city planning,
construction, power production, and
engineering mechanics. It can be seen
that work in civil engineering influences
almost all other engineering fields.
Structural engineering deals with de-
sign and construction of bridges, build-
ings, dams, retaining walls, tr.nnsmis-
sion line towers, subways, and similar
structures; extensive use is made of soil
mechanics and foundations. Transporta-
tion engineering is concerned with our
airfields and our networks of highways,
railways, and waterways. Sanitary en-
gineering protects our health by work-
ing on the problems of water supply
and drainage, industrial diseases, food
supplies, disposal of radioactive waste,
conversion of sea water to fresh water,
and air pollution. Hydraulic engineer-
ing deals with the control and trans-
portation of fluids and involves pipelines,
canals, power generation, and reser\'oirs.
The role of the civil engineer in the
atomic and missile age is very import-
ant, as demonstrated by his work in the
design and construction of bomb shel-
ters and shielding for nuclear reactors
and his valuable assistance in materials
for and structural design of jets, mis-
siles, and their supporting equipment.
The area of engineering mechanics alone
involves the study of basic laws under-
lying statics, dynamics, seismic forces,
elasticity, plasticity, properties of ma-
terials, fluid dynamics, and mathemati-
cal and computer methods.
This year the Department of Civil
Engineering at the University of Illi-
nois is offering a new curriculum de-
signed to give the student the broad
background needed in modern civil en-
gineering—a backgroimd that pro\'ides
an excellent basis for entry into other
fields of engineering or a career in sci-
ence. The curriculum emphasizes mathe-
matics and the natural and engineering
sciences along with electives in the so-
cial sciences and humanities. Although
stressing the properties and behavior of
materials in design, the program gives
basic insight into the principles govern-
ing the design of water supply and sew-
age disposal systems, transportation fa-
cilities, dams and other hydraulic struc-
tures, buildings, and bridges.
During the first year, the program
is identical with that required of all
engineers, and during the next two
years, courses lead toward a degree in
civil engineering. During the fourth
year, there are certain required courses,
but there is also an opportunity to take
electives in a field of major interest
and specialization. The fields in which
electives may be taken are: structural
design and constructution ; transporta-
tion ; highway planning, design, and
construction; sanitary engineering; sur-
veying and mapping; construction plan-
ning, methods, and equipment ; railway
design, construction, and maintenance;
and hydraulic design and construction.
Research plays an important part in
the graduate program of the depart-
ment. It is coordinated with class work
so that valuable experience may be
gained by participating in a creative ef-
fort directed toward investigation of
basic problems. The research program
attracts the better-than-average students
who provide a supply of new ideas.
Much of the research is done in the
field of structures and structural me-
chanics. Here, the wide range of struc-
tural behavior under static, fatigue, and
dynamic loads is investigated in one
of the best laboratories of its kind in
the country. Testing machines produce
loads varying from a few thousand to
three million pounds, and the data
gathered from them is analyzed with
the aid of a high speed digital computer
and an analog computer. Tests on pre-
stressed concrete have recently resulted
in a new method of erecting structures
with high strength bolts. Of much im-
portance has been the series of field in-
vestigations of the effects of atomic
bomb blasts on buildings and under-
ground structures.
The ever increasing volume of traf-
fic on our nation's highways has in-
creased the demand for research by high-
way and traffic engineers into traffic
control and regulations, pavements, and
management. In sanitary engineering,
basic principles underlying sanitation
are being studied through chemical, bio-
logical, bio-chemical, and radiological
research. In the field of soil mechanics
and foundations, the factors governing
soil behavior and performance of foun-
dations, pavements, and earth structures
are evaluated. Hydraulic engineering re-
search is concerned with the flow of
water in natural streams and in struc-
tures, with special interest in dams,
culverts, street inlets, and the runoff
of storm water from urban areas.
To keep pace with the ever-increas-
ing demands of modern technology, the
profession needs graduates with inter-
ests in any of the options. It is evident
that study in civil engineering prepares
the student for many career possibilities
whether he be interested in research
or in practical applications.
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TRACE CIRCUITRY
A new testing device which automati-
cally guides a radio seniceman in pin-
pointing faulty circuits and components
in a transistor radio has been perfected
by the Philco Corporation.
The device is a rigid plastic panel, a
facsimile of the actual radio circuitry,
that aligns with the radio printed circuit
chassis panel and diagrams a complete
test procedure for quick, foolproof ser\-
icing of transistor radios. It is so de-
signed that even service technicians un-
familiar with transistor circuits can lo-
cate and determine faults in a few
minutes.
Service engineers have named the new
device Trace (patent pending) for
Transistor Radio Automatic Circuit
Evaluator.
Trace panels contain color-coded cir-
cuit paths and printed locations of
major components that match the vari-
[
ous chassis in transistor radios.
Further visual identification is made
I
of the R-F, I-F, and audio signal paths
i
proceeding from the antenna to the
speaker. Voltages, signal types, compo-
nent identification and other pertinent
; information is included.
Small holes are punched in the panel
at each signal or voltage test point.
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When the panel is positioned over the
circuit .side of the radio's printed drcuit
chassis, these holes fall directlv over
corresponding terminals. Guides are pro-
vided on the Trace panel to a.ssure exact
allignment with the radio circuit, while
the panel is held in place during test
procedures.
With the Trace panel in place, the
technician simply uses signal generator
to inject a signal of correct frequency
at the test points indicated. This is done
by inserting the generator probe in the
appropriate holes identified on the panel.
The colors of the signal paths show ex-
actly what frequenc\' and type of signal
to use.
By working along the signal path
from the speaker to the antenna, the
technician can determine when a fault\'
stage is reached by the change in sound
emitting from the speaker. The stage in
question is then checked by a voltmeter.
This is easily accomplished since the
Trace panel has holes located at the
terminals of each major stage whidi
are labeled with the correct voltage.
A chart supplied with the Trace unit
lists the defect and or component to sus-
pect when the voltage varies either
above or below the correct values. The
technician then can replace or repair
the fault\' stage.
The Trace panel evolved from the
function of a much more complicated
apparatus called ACE (.Automatic fon-
tinuity Equipment).
ACE is a complex computer used to
test printed circuit panels during manu-
facture b>- means of finger contacts, re-
lavs, solenoids, bridge circuits and the
like. When a panel does not meet all
specifications, the ACE equipment re-
jects it and prints the exact spot of the
fault on a tape pennitting accurate cor-
rection of the trouble before installation
of the assembly in the receiver chassis.
The Electronics Education Unit of
Philco developed the Trace panels to
make this same basic test procedure
available to service technicians every-
where at a very modest cost.
Since each transistor radio model re-
quires its own Trace panel, a set of lu'ne
will be initially available to cover Phil-
co's current product line. Additional
Trace panels will be made available
when new transistor radio models are
introduced.
Service technicians may obtain Trace
panels from their local Philco distribu-
tor.
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Dynamic Balancing of Rotating
Machine Elements
By Jed L. Metcalf
A project of reworking the spindle
on a horizontal lathe has just been com-
pleted for the purpose of gaining cer-
tain additional clearance on the bed. It
is turned on and runs perfectly until it
reaches number three speed where it be-
gins to vibrate very sharply at every
revolution. What can be done? Or, sup-
pose the job is to plan a line for the
production of transmission shafts. After
proven, this line is to go into large
scale production on a permanent basis.
After the line is working fine, word
comes back that one out of every five
shaft assemblies is producing such vibra-
tions that it is not acceptable. What is
the next move ? At one time an engi-
neer would simply have put the part on
free bearings to see if it had a heavy
side, compensated for this unbalance,
made his machining operations more
precise, and then allowed for the num-
ber of rejects that came through. In
the last few years, however, industry
has become very aware of the amount
of wear and damage which a small un-
balanced vibration can cause, and the
need of balancing as a part of many in-
dividual production lines. Even the
CTA in Chicago is in the process of
having the crankshafts on their buses in-
dividually balanced as they are removed
for overhaul.
]VIost of us are familiar with the
basic principles of balancing, however,
we will quickly refresh our memories.
Diagram one shows the static balance,
in which a piece is placed on free bear-
ings, and the heavier side turns to the
bottom. Diagram two shows balance
where a part is rotated and the rotor
will always be pulled in the direction of
the heavier point because of centrifugal
force. This unbalance will cause a flex-
ing of the shaft, which will add to the
unbalance. Third is the dynamic balance
or unbalance which, because the heavy
points are on opposite ends and opposite
sides of the shaft, will cause the rotor
to twist on an axis perpendicular to
the axis of rotation. In number 4, where
kinetic and dynamic unbalance are to-
gether the shaft will trv to bounce
straight out of the bearings and twist
out at the same time. A dynamic un-
balance which, because the heavy points
are on opposite ends and opposite sides
of the shaft, will cause the rotor to twist
on an axis perpendicular to the axis of
rotation. When both kinetic and dy-
namic unbalance are together the shaft
will try to bounce straight out of the
bearings and twist out at the same time.
A dynamic unbalance cannot be found
by any simple static test, because it can
be present when a shaft is in perfect
kinetic balance.
In order to show the basic method of
dynamic balancing, the equipment built
bv Stewart - Warner Corporation is
shown in figiu'e 5 in outline form.
It is known that there is a critical
speed at which an unbalance quickly
rises to its maximum amplitude or vi-
bration. This can be seen on the graph
above. At this critical point it is much
easier to detect and measure the amount
of unbalance.
As shown by diagram 6 the trunnion
bearing is mounted on the end of a leaf
soring which will permit movement as
the workpiece or shaft is vibrated. The
dashpot is used to dampen the vibrations
as necessary in order to prevent damage
to the equipment, and is adjustable to
several different ranges. The driver coil
is mounted on the shaft and induces
current in the pickup as the shaft oscil-
lates. This current, of course, will have
the same frequency as the vibration, and
will be proportional to the amplitude of
the vibration.
Each end of the shaft will be riding
on a system independent of this spot.
If both ends oscillate together, the elec-
tronic analyzing eqin'pment will regis-
ter kinetic unbalance, and if thev oscil-
late opposed it will indicate dynamic
imbalance.
A strobscopic light is focused on the
work, and is triggered by the signals
from the pickup so that it flashes at the
frequency of rotation. By markings on
the piece which will be seen when the
strob flashes, the angular location of the
unbalance can be located. When the
workpiece is again at rest, either ma-
terial can be removed from the heavy
side or weight added to the light side
to bring it into balance. The piece will
be balanced first for kinetic balance at
its critical speed, then at the dynamic
critical speed.
The work will be rotated by means
of the belt drive shown, which is manu-
ally brought down on some part of the
rotor. The rotor is driven above the
critical speed, then allowed to coast
down through the critical again at
which time readings are taken.
Stewart - Warner's equipment will
take a rotating piece up to 5000 pounds
weight and measure to a sensitivity of
.01 inch ounce. Dawe Instruments in
London have a similar machine for
smaller work that will measure imbal-
ance to .0064 inch ounces. In balancing
the rotors of certain small ser^o motors,
weight is added in the form of a ver)'
tiny spot of paint, placed on the shaft
itself so that it will only be 1 16 inch
or so from the axis of rotation to pre-
vent overbalancing the rotor.
At present there is a growing need
and use of balancing in automation pro-
duction lines. For this type of work,
Gisholt Machine Corporation has de-
veloped the system shown in figure 7.
The drive motor turns the spindle
and workpiece which is attached. The
crystal pickup will respond to the vi-
bration and deliver a signal, synchron-
ous with its frequency, to the meter
relay. This relay has contacts set at
zero signal and at maximum tolerance
contacts close, the weighing motor
starts, slowly turning a potentiometer to
send a signal back into the relav which
is just out of phase with the pickup sig-
nal. When this new signal is sufficient
to cancel out the other signal, the zero
relay contacts close, stopping the weigh-
ing motor. The angular position of the
potentiometer serves to indicate the
amount of unbalance being measured.
Meanwhile, the stationary strob tube
is flashing with the vibration signal, and
the phototube table is slowly turning.
When the phototube finds the strob light
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flashing through the sh't in the cup, the
table locks where it is.
When both processes are completed.
the main drive stops, and the index
motor turns the spindle until a light
from the strob tube reaches the photo-
tube in its locked position. At this posi-
tion, the heavy spot on the workpiece
will be in the proper position for a mill-
ing tool, drill chuck, or other tool to
move in. If the piece is to be milled
or drilled, the movement of the tool
is controlled by the position of the cam
which turned with the weighing poten-
tiometer. After this correction operation,
the piece is again balanced, and if the
tolerance contact closes this time, the
piece is automatically rejected. In com-
pletely automatic lines if the piece is ac-
ceptable, it will then be automatically
removed and another one put in.
Many times, it is ver>" desirable to
balance a shaft or rotor while it is in
its natural environment. The Interna-
tional Research and Development Cor-
poration describes equipment \vhich in-
cludes a pickup and probe unit, strob
light, and electronic analyzing equip-
ment. The pickup is manually held
against the suspected part or piece to
be balanced, and again the strob light
is triggered by the pickup signal. Their
pickup will sense a vibration of .000001
inch for 500 to 160.000 cycles per sec-
ond.
A particular problem in regard to
various balancing equipment is calibra-
tion. It is becoming more common now
to specify a certain tolerance of unbal-
ance, and on some major rotating com-
ponents it is requested that the unbal-
ance be marked right on the piece itself.
This requires that these machines be ac-
curately calibrated, which can be a diffi-
cult problem. Just recently a step was
made when a special \ector system was
worked out for the calibration of cer-
tain types of balancing machines.
Industry is steadily taking more ad-
vantage of the reduced wear, longer
machine life, and reduced noise avail-
able through balancing. It is good that
engineers be aware of the principles and
availability of hand operated, portable.
and automatic balancing equipment so
that they may be able to meet problems
calling for such knowledge.
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Skimming
Industrial
Headlines
Edited by Wally Cwik
Newmark and Jennings Present
Papers in Japan
Prof. N. M. Newmark, head of the
UI Civil Engineering Department, and
Richard L. Jennings, research associate
in CE, presented papers at the Second
World Conference on Earthquake^ Eii-
p:ineering, held in Tokyo and Kyote,
japan, July 11 through July 18. The
conference was attended by over 500
delegates. Of the 120 delegates from
27 non-Japanese countries, 32 were from
the I'nited States.
Newmark presented a paper prepared
bv himself and Prof. A. S. Veletsos, UI
Civil Engineering Dept., on the "Effect
of Inelastic Behavior on the Response of
Simple Systems to Earthquake Mo-
tions." Jennings presented a paper writ-
ten by himself and Newmark entitled
"Elastic Responses of Multistory Shear-
Beam Type Structures Subjected to
Strong Groimd Motion."
During the conference Prof. New-
mark was guest of honor at a dinner
given by ten Japanese engineers, nine
of whom had received degrees in civil
engineering at the University of Illinois.
The tenth man, John K. Minami, had
been on the civil engineering staff for
a semester.
Cloud Advertising
An oil company is said to be inter-
ested in using a machine that projects
a 1 ,000-yard-wide picture on clouds five
miles away for advertising purposes,
reveals National Petroleum News, Mc-
Graw-Hill publication.
What! No Crumpets
A service-station dealer in San An-
tonio gives away a can of sauerkraut
with each tuneup of a German car. a
jar of French dressing for similar work
on a French car, and a can of spaghetti
for work on an Italian car.
Water's Fine for Fish
Gates at the Whiskeytown Dam. to
be built near Redding, Calif., will blend
warm and cold water to a temperature
fish like. Warm water from the top in-
take and cold water from the bottom
intake will flow out through a single
control gate upstream from the dam.
Warm Carpet
An electric carpet producing 1,000
watts has been made in England. An
electric heating element is woven into
the rug at two-inch intervals. Makers
of the carpet claim it can be shampooed,
vacuumed, and will withstand the
weight of furniture.
Persistence Counts
Eighty per cent of all sales are made
after the fifth call, according to a re-
cent survey, but about half of all sales-
men quit calling after an ineffective
first call. A fourth of all salesmen quit
after making two calls, an eighth after
three calls and a tenth keep calling,
making 80 per cent of all sa'es.
Red Sea Power Proposal
An Egyptian occanographer proposes
a $15-biIlion electric power scheme to
dam the Red Sea at both ends. After
two years, evaporation would drop sea
level about 24 feet. Then, Indian 0;-ean
water, metered to equal the Red Sea's
estimated 1.5 million-cubic-feet-a-second
evaporation rate, would be admitted
through power turbines with a capacity
of 50 million kilowatts.
Fabric That Breaths
The development of a porous water-
proof fabric—a long-time goal of tex-
tile finishers—appears to be close to
reality. A polyethylene film has been
produced that will transmit water va-
por at up to 80 per cent efficiency.
Possible uses for the fabric, besides tex-
tile applications, include as filters and
in water-purification apparatus.
Lyrical Paving Contract
A Dallas paving contract sounds as
if it may have been written by a song-
writer. The $4,600 job requires the con-
tractor to pave Moonglow Drive and
Old Ox Road from Red Bird Lane to
Blue Moon Drive.
Dr. Kara Goes Abroad
Dr. Houssam M. Karara, assistant
professor of civil engineering, Mrs.
Karara and their children, Anna Maria
and Menet, have returned to their
home in Champaign from a trip to Eu-
rope. After teaching in the first five-
week term at the UI Civil Engineering
Surveying Camp, Black Duck, Minn.,
Prof. Karara returned to Champaign.
While here he supervised the installa-
tion of a new piece of photogrammetric
equipment known as the Nistri Photo-
cartograph V in room 108 Surveying
Building.
Following visits to the Institute of
Photogrammetry at Milan, Italy, and
the Wild-Heerbrugg Instnnnents Com-
pany in Heerbrugg, Switzerland, Ka-
rara attended a five-day short course in
photogrammetry at the International
Training Center for Aerial Surveys at
Delft, The Netherlands.
From September 5 to 13 Dr. Karara
was in London, England, where he par-
ticipated in Ninth International Con-
Congress of Photogrammetry, present-
ing an "invited" paper on "Reduction
of the Efi'ect of the Deflection of the
Vertical on Photogrammetric Work in
Geogetically E nexplored Regions."
Black Carpet Rolled Out
A 44-story office building going up
in Houston, Tex., will rest on a black
carpet of rubber. The butyl rubber car-
pet will be used to waterproof the
building foundation.
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Jobs at
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in your chosen field, for a
company that's a leader in
research—the development
of new products, new ways of
producing them, and new
areas for their use. Du Font's
methods of training, extensive
modern equipment and work-
ing atmosphere will help you
work at the top of your ability,
help you keep growing.
Opportunity
...for continuing advance-
ment consistent with your
qualifications, working with
men who have made their
mark, learning from men who
have achieved. Here you are
given every encouragement to
score your own success. Here
you are an individual; your
own good ideas are wanted,
you are credited with them,
and you will be rewarded for
them.
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PHYSICISTS
MATHEMATICIANS
due soon to receive a Bachelor's, Master's or Doctor's degree . . . talk with your
placement officer ... or with our personnel representative when he is on campus.
Or write us. E. I. du Pont de Nemours & Co. (Inc.), Room 2430-11 Nemours
Building, Wilmington 98, Delaware.
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Latest Reactor 'Goes Critical'
The nuclear reactor tor the nation's
latest atomic power plant went critical
at Rowe, Mass., on August 19. The
Yankee Atomic Electric Company's
plant there is the first nuclear-powered
electric generating station in New Eng-
land and will begin producing power
this fall for the 10 utilities which joint-
ly own the facility.
Charles H. Weaver, vice president
—
atomic power products for Westing-
house explained that the Yankee reactor
is the latest advance in the development
of water cooled and moderated nuclear
reactors. Criticality represents an im-
portant milestone in the three-year con-
struction program of the 136-megawatt
atomic electric generating station, he
said. The reactor is the largest yet de-
signed and developed by Westinghouse
Electirc Corporation.
Yankee engineers put the plant into
its criticality phase following two weeks
Avork while 76 uranium oxide fuel as-
semblies were individually placed in
position. Before the fueling operation
was started, a 20-ton barrel-like struc-
ture was lowered into the pressure ves-
sel to support the 76 fuel assemblies
which make up the core, or fuel charge,
of the reactor.
The core support is a stainless steel
cvlinder about six feet in diameter and
18 feet high which supplies the struc-
tural support for the fuel assemblies in-
side the reactor. The engine support was
lowered into the 165-ton pressure ves-
sel with only one-sixteenth of an inch
clearance from the sides of the vessel.
In addition, the core support will help
guide 24 control rods which adjust the
rate of the fission process in the reactor.
Fissioning atoms in the reactor will heat
high pressure water in the primary sys-
tem to 529 degrees Fahrenheit.
Water in the priman^ system is under
a pressure of 2000 psi and will flow
through the pressure vessel at a rate
of 94,800 gallons a minute. This water
will be pumped through a heat ex-
changer, causing water in a separate
secondary water system to turn into
steam. From this point on, the generat-
ing station operation is exactly the same
as at a conventional station. The steam
drives a turbine-generator to produce
electric power.
Westinghouse and Stone and Web-
ster Engineering Corporation have been
jointly responsible for the engineering
design of the plant. Westinghouse de-
veloped the nuclear steam generator and
is also supplying the turbine-generator
and other electrical apparatus. Stone and
Webster handled the over-all design,
layout and construction of the plant.
Electricity' from the Yankee atomic
installation will be fed into the electri-
REFRIGERA TING
ENGINEERS
Have more than doubled fhe capacity of
synthetic rubber reactors with an improved
and patented cooling system—one of many
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When you take the FrIck Graduate Training
Course you enter a growth program, with ex-
cellent pay and exceptional opportunities.
Get full details today from your College
Placement OfRce or from
FRICK COMPANY
ESTABLISHED 1853
Waynesboro, Pennsylvania
cal transmission grid of the sponsor-
ing companies that provide 5/6 of the
electricity used in New England. Utili-
ties participating in the Yankee project
which will receive power from the nu-
clear generating station include New
England Electric System. The Connecti-
cut Light and Power Company, Boston
Edison Company, Central Main Power
Company, The Hartford Electric Light
Company, Western ^Lassachusetts Elec-
tric Company, Public Service Company
of New Hampshire, Eastern L tilities
Associates, New England Gas &: Elec-
tric Association and Central Vermont
Public Service Corporation.
The Yankee reactor fuel consists of
25 tons of slightly enriched uranium
oxide pellets. More than 23,000 stain-
less steel tubes filled with these pellets
have been fabricated into the 76 fuel
assemblies, each of which is approximate-
ly eight feet long and eight inches
square. The uranium oxide pellets are
0.294 inches in diameter and 0.6 inches
long. There are almost 3.500,000 of
them in the reactor.
The 24 control rods, made of a silver-
indium-cadmium alloy, have been ar-
ranged throughout the reactor core to
absorb a portion of the neutrons and
thus control the rate of the fission proc-
ess.
Bridge Gets Aesthetic Touch
New Zealand engineers erected a
bridge at Wellington that not only is
structurally efficient and economical,
but aesthetically pleasing as well. The
bridge has a duck-egg blue undersur-
face, an off-white facing surface, and
handrails are red and white with white
lattice work.
What's in a Nome?
Soon after missiles were developed,
an anti-missile missile was produced to
ward off enemy projectiles. Now, the
L . S. is planning an anti-anti-missile
missile missile. The small missile would
be installed in a large missile to shoot
down enemv anti-missile missiles.
Spot-Check Roulette
B\ placing white and black marbles
in a gum-dispensing machine, a Hous-
ton, Tex., plant is leaving it up to
chance to pick cars that will be spot-
checked at closing time. As a car ap-
proaches the gate, a guard works the
gum lever, if a black marble comes out,
the car is checked ; if white comes up,
the car is waved on.
Transmissionless Car Sought
Cars without transmissions may be a
reality if research being done by the
Army is successful. Engineers, trying to
perfect an engine that will deliver pow-
er directly to a vehicle's wheels, report
they are halfwav toward their goal.
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Mr. J. B. Whitia, Manager-College Relations,
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TEASERS
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By
Steve Dilts
The Reverend Charles L. Dodgson,
who is better known under the pseu-
donym, Lewis Carroll, was quite a
mathematician as well as a writer. The
following brainteasers from Scientific
American are attributed to him.
1. Lewis Carroll was presented with
the problem of finding three right tri-
angles of equal area with integral sides.
Actually there is an unlimited number
of such triangles, but we shall limit the
area to less than 1000. As a hint, Car-
roll found a pair: 20, 21, 29 and 12,
35, 37. See if you can find three with
equal areas.
2. A says B lies ; B says C lies ; C says
A and B lie. Who lies and who tells
the truth?
3. Carroll developed many solitaire
word games. One of these was Doublets
in which appropriate pairs of words of
equal length are used. The objective of
the game is to change one word into the
other by using a minimum number of
intermediate words in\olving a change
of one letter. Proper names are not al-
lowed. For example : pig-sty
pig
wig
wag
way
say
sty
Here are six more
:
Prove GRASS to be GREEN.
Evolve AL-W from APE.
Raise ONE to TWO.
Change BLUE to PLNK.
-\L-ike WINTER SUMMER.
Put ROUGE on CHEEK.
4. Carroll also liked to play Ana-
grams with the names of famous people
( for example : William Ewart Glad-
stone—Wild Agitator! Means Well).
He found a h\phenated word in the let-
ters ABCDEFGI. Can you?
(Ansivers on Page 49)
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and applied studies in many aspects of the
science of communications
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sition, transmission, processing, storage and display of com-
munications data, ancilliary investigations — often seemingly
remote — are carried on to enhance our basic understanding
of the communicatioiis field.
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experts on research projects: to participate in advanced devel-
opment engineering concerned with the solution of complex
systems engineering and equipment problems: to undertake
the design of specific hardware which may involve the first
practical utilization of new knowledge.
AT ALL LEVnLS, the opportunities for professional growth
are exceptional, not only through concentration on work in
advanced areas but through continual contact with able men
trained in other disciplines. Informal consultation between
engineers, physicists, mathematicians, psychologists and lin-
guists is available on a day to day basis. Further, with scien-
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The list below indicates
the range of work currently
in progress.
FIELDS OF RESEARCH ENDEAVOR
Paramagnetic Resonance
Thin Photoconductor Films
Ferroelectricity
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Hydro-Acoustic Transducers
Molecular Electronics
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Rusty Theory
Scientists at the Westingohuse Re-
search Laboratories have advanced a
new basic explanation for the corrosion
of iron—estimated to waste some S6 bil-
lion to S7 billion per year in the United
States alone. Westinghouse researchers
Dr. Earl E. Gulbransen and T. P. Co-
pan, suggest for the first time that the
true culprits are hydrogen ions, or pro-
tons—one of the basic building blocks
of matter.
The hydrogen ions come from water
vapor, which must be present if iron
is to rust to any great extent at room
temperature. Their theor\' suggests that
the tiny hydrogen particles penetrate the
iron and enlarge the sites at which oxy-
gen normally combines with the metal.
This spreads the reaction throughout the
surface of the iron, causing it to rust
destructively.
L ntil now, a "standard" explanation
for iron corrosion is that it is an electro-
chemical reaction, somewhat similar to
that which occurs in an ordinan" bat-
tery. Tiny local areas on the surface of
the metal are assumed to act as plus and
minus electrical temiinals under the in-
fluence of an invisible liquid film of
water, generating minute electric cur-
rents that corrode the iron. The new
theory suggests that something more
fundamental takes place in the iron,
even though an electrochemical reaction
also may be present.
In a series of experiments that elimi-
nated the conditions required for electro-
chemical reactions, the Westinghouse
scientists reduced the complex rusting
of iron to its simplest atomic processes.
Pure iron wires about as thick as a fine
sewing thread were reacted with oxygen
and water vapor at hish temperatures
(835 degrees Fahrenheit) under close-
ly controlled, idealized conditions. The
results of the miiuite-scale corrosion
were studied under an electron micro-
scope capable of magnifving objects up
to 300,000 times.
The scientists report that with dr\-
oxygen the iron forms a protective ox-
ide coating from which grow billions of
tinv round oxide whiskers less than one-
millionth of an inch in diameter and
30-millionths of an inch high. Each
whisker grows from a single, specific
growth side on the wire's surface, much
as individual seeds sprout from the
ground into separate plant stems. Then
the wires were reacted under identical
conditions except that water vapor was
substituted for the dry oxygen atmo-
sphere.
The moisture produces a startling
change in the oxide surface. From the
growth sites erupt thin, pointed, blade-
shaped platelets of iron oxide that spread
across the metal surface. Shaped some-
what like blades of grass, they are about
one-millionth of an inch thick, 30-mil-
lionths of an inch wide and 300-mil-
lionths of an inch high. As they grow
in size, they spread more than 50 times
in area over the sites observed for dn,-
oxygen alone, reaching a density of near-
ly one billion per square inch of sur-
face area. The amount of iron rust they
represent is 250 times that which forms
when the water vapor, and the hydro-
gen ions it releases, are absent from the
reaction.
The experiments by the W^estinghouse
scientists show that less than one part
of water vapor in 200 parts of the dry
oxygen atmosphere will cause the blade-
shaped crystals to fomi. At room tem-
perature this would correspond to a rela-
tive humidity of about three percent.
"We conclude that the hydrogen ions
in the water vapor enlarge the areas of
chemical reaction between the oxvgen
and iron and bring about the metal's
greatly increased corrosion," Dr. Gul-
bransen declared. "At the lower temper-
atures at which iron usually rusts, this
basic reaction is masked. Complex cor-
rosion products are formed and are not
stable, and the corroding metal is often
removed from the reaction site. Once
such basic understanding is at hand, we
should be able to do a much better job
of controlling corrosion. Already we can
identify two control measures which
must be considered in addition to any
electrochemical eftects that are involved
in iron rusting: Hydrogen must be pre-
vented from entering the metal, and the
growth of the localized reaction sites
must be inhibited by the addition of suit-
able allo>ing elements to the iron."
Professor Weise and the
Titanates
Intense scientific and industrial inter-
est in the titanites—compounds of ti-
tanium with another metal and oxygen
—which a University of Illinois scien-
tist has studied for t\venty eight years
was reflected in the fall meeting pro-
gram of the American Ceramic Society's
electronics division. Titanates are made
from oxides by mixing, pressing and
heatin. They have many potentialities
in the semiconductor applications, and
actually are older in this area than ger-
manium and silicon.
The t\vo-day meeting September 22
and 23 in Milwaukee devoted the en-
tire second morning to this subject with
presentation of five highly technical re-
ports by the scientist. Prof. Erwin K.
Weise of the University of Illinois min-
ing and metallurgi,- department, and his
students.
Prof. Weise began work on this sub-
ject in Germany, before coming to
America and the U. of I. thirteen years
ago. Since 1953 his research has been
sponsored by the Air Research and De-
velopment Command.
Chemical Process for Purifying
Salt Water
A chemical process to separate pure
water from salt water has been patented
by Koppers Company, Inc., and a con-
tract signed with the Office of Saline
Water, U. S. Department of the In-
terior, for cooperative development of
the process on a bench sale.
Objective of the bench scale work is
to determine the technological and eco-
nomic feasibility of the process prior to
gi\ing consideration to the design, con-
struction and operation of a large pilot
plant and eventual commercial develop-
ment.
The process involves use of hvdrate
forming compounds. A hydrocarbon hv-
drate crystal, similar to ice, is formed at
a higher temperature than the freezing
point of water. The crystals are separa-
ted from the mother liquor, broken up
by ven' slight heating, and fresh water
is obtained as a liquid.
Economically, the process is advan-
tageous because the higher temperature
"ice" uses less energy in forming than
other salt water conversion processes,
such as freezing or distillation.
With the tremendous increase in in-
dustrial and human consumption of
fresh water, the necessity for economical
processes to convert sea water has be-
come imperative. In the United States
alone, the daily consumption of fresh
water is estimated by the Department
of Commerce to be 312 billion gallons.
Only >15 billion gallons daily are avail-
able b\' natural fresh water supplies. Rv
1975, estimates by the Department of
Commerce state that daily water con-
sumption in the U. S. will have risen to
over 453 billion gallons. And because
fresh water resources are unevenly dis-
tributed, the shortage of water is al-
ready acute in some areas.
Ironically, three-fifths of the globe is
covered by oceans containing an esti-
mated 320 million cubic miles of water!
But because it is saline, or salt water,
it is not fit for human consumption or
for many industrial uses. The growth
of populations ever\-\vhere, plus increas-
ing demands of industn", make it imper-
ative that a method be found to convert,
cheaply, the world's salt water resources
into pure water.
A Prize for Wheelchair
A price of S5,UUU is being offered for
the invention of a wheelchair that al-
lows handicapped persons to get around
industrial plants and climb stairs unaid-
ed. The prize was donated by a private
dtizen but the contest itself is spon-
sored by the President's Committee on
the Employment of the Physically Han-
dicaped and the National Inventor-
Council.
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trade-off time between service and inter-
station interference in AM and FM
radio stations.
Language Translation
The Bureau is engaged in a program,
sponsored by the Army Office ot Ord-
nance, to develop mechanical translation
techniques. The immediate objective of
this work is to use an electronic digital
computer to translate technical Russian
into English.
The mechanical translation studies,
under the direction of I. Rhodes of the
Bureau's applied mathematics staff, have
resulted in a process which goes much
further than the word-to-word transla-
tion ordinarily associated with comput-
ers. This method is designed to parallel
the thinking of a human translator. Fur-
thermore, it applies iteration to ap-
proach the correct syntactical interpreta-
tion of the Russian souce sentence. The
translation proceeds in three main steps:
First relevant information, stored in a
machine glossary" and auxiliary" listings,
is collected ; second, source words, s\Tn-
bols. and punctuation marks are recog-
nized by use of this stored information,
and the clause and phrase structure of
the source sentence is tentatively de-
termined : third, a structural analysis of
the source sentence with simultaneous
refinement of clause and phrase struc-
ture is made and the corresponding
"pidgin" English is printed out. The
heart of the method, which constitutes
the unique contribution of the Bureau,
is the prediction, after each source word,
of future occurrences on the basis of
stored syntactical relationships bet^veen
Russian words.
Automatic Design of Computers
The Bureau has devised techniques
for using an exisdng computer to work
out design details for new computers.
The objective of this work, carried out
under the direction of A. L. Leiner and
A. Weinberger of the Bureau's Data
Processing Systems Laboratory was to
mechanize some ardous manual design
procedures.
The procedure for designing a large-
scale digital system involves four major
steps: the preparation of system speci-
fications, the organization of the system
into large-scale functional blocks, the
creation of the detailed logical design
for each of these functional blocks, and
the conversion of this logical design into
detailed wiring plans. In deriding which
steps of this procedure should be mech-
anized, the primary criterion was
whether a machine or an experienced
computed designer could turn out a bet-
ter end product. In some cases it was
found that a machine could not effec-
tively compete with the empirical intui-
tion of the experienced logical designer
;
in other cases, the use of a machine per-
mitted a degree of design sophistica-
tion, accuracy, and effiriency not other-
wise obtainable. On the basis of this
criterion, the pwrtion of the design pro-
cedure selected for mechanization was
the conversion of a logical design into
detailed wiring plans.
The conversion process was carried
out automatically for a new large-scale
computer system. Suitable programs
were written by C. D. Coleman of the
Data Processin<T Svstems Laboraton,- in
collaboration with W. Hall. J- Beiman.
and M. Paulson of the Computation
Laboratory. These proerams provided a
complete set of instructions for accom-
plishing the conversion of the computer
logical desi^Tp data. Methods for ex-
pressing the locncal desi^'n data in ma-
chine languaee were worked out bv H.
Lobemian and W. W. Youden of the
Data Processing Systems Laboratory.
The innut data consisted of approximate-
ly 20.000 punched cards which the com-
puter used to produce the complete wir-
ing plans for the new system.
The input transcriptions of the logical
structure of the new svstem—expressed
in terms of equations in Boolean al-'e-
bra—were first checked rif^orously for
internal consistencv. Then, usin? addi-
tional data describing the nhysical loca-
tions of the principal building blocks in
the system, the computer automatically
assigned the numerous minor compo-
nents to optimum physical locations
with respect to the principal blocks. The
computer then calculated the optimal
wire routing between even' connected
set of components in the system, taking
into account the restrictions on wire
lengths imposed by their electronic and
mechanical properties. Next, a topologi-
cal diagram of the wiring tree, showing
the ph\sical location of each node and
its connections with the other nodes in
the tree, was printed out. Finally, the
computer calculated and printed out the
exact lengths of all wires, specifying
terminal t>T3es. pin-to-pin connections,
the text for labels on the wires, and a
detailed inventor^' of the components
and materials used.
As an aid to maintaining the com-
pleted system, the machine also was used
to generate detailed information on the
interrelations between the logical struc-
ture of the system and the actual physi-
cal equipment used to implement the
logic. The final output data consisted
of 15.000 printed pages containing the
complete wring plans for the new sys-
tem and source material for the main-
tenance manuals.
BRAINTEASER'S ANSWERS
1. 40, 42. 5S; 24, 70. 74; and 15.
112, 113. Note that the first two sets
are just double those which Carroll
found.
2. A and C lie. B is truthful as can
be found by listing the eight possible
combinations and eliminating ones with
logical contradictions.
3. gra.ss. cra,ss, cress, tress, trees, frees,
freed, greed, green.
ape. are, ere. err. ear, mar. man,
one. owe. ewe, eye, dye, doe. toe.
too.
blue. glue. glut. gout, pout, port,
part, pant, pint, pink,
winter, winner, wanner, wander,
warder, harder, harper, hamper,
damper, damped, dammed, dim-
med, dimmer, simmer, summer,
rouge, rough, sough, south, sooth,
booth, boots, boats, brats, b rass,
crass, cress, crest, chest, cheat,
cheap, cheep, cheek.
4. big-faced.
Long Sales Road
Chemical salesmen are drivin"' farther
this year than they did in 1959, an in-
dication of stiffening competition for
sales. An automobile leasing company
estimates that chemical salesmen drove
an average of 1,672 miles a month on
business calls during the first four
months of this year, compared to 1,-
_"i89 miles a month during the same
1959 period. At the present rate, chemi-
cal sellers will average nearly 20.000
miles this vear. compared with 18.750
in 1959.
New Naval Gun Use
-A ?i)-ton. l()-inch gun from the bat-
tleship Colorado will be used by an
Ohio company to make powdered metal
for both missile and light bulb parts.
The gun will ser\e as a hydrostatic pres-
sure chamber in which to make pow-
dered metal compact from refractor)'
metals such as molybdenum and tung-
sten.
Fights Tooth Decay
Phosphorous has been isolated as an
anti-decay element in foods. Studies
show that hamsters fed on phosphorous-
rich corn and milk develop 40 per cent
less dental decay than hamsters fed on
low phosphorous diets.
Old five-quart oil cans have been
put to good use at some Summer camps
where children are taught to swim.
Camp instructors rig up the cans with
a webbing harness and use them to keep
children afloat while learning.
Checking Blood Flow
Nucleai m.iiiiictiC resonance may soon
replace the hypodermic needle in testing
blood. In this method, a haniiless tracer
is introduced into the bloodstream, the
rate of absorption of radio waves de-
termines the flow rate, and the system
can be used for blood counts.
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a big FISH in the right-sized STREAM
O
We've been told frequently tliat engineering graduates are attracted to a
company our size because of an lionest and understandable desire to be
"a big fisii in a little pond". Perhaps others prefer to tiiink of the future as
the challenge of "swimming up-stream".
We believe that .""likorsky Aircraft is actually the "right-sized stream" for
young engineers who would enjoy diversified, small-group activities, as
well as stature opportunities in a field tliat is not limited nor professionally
confining. Sikorsky Aircraft is the company wiiich pioneered the modern
helicopter; and our field today is recognized as one of the broadest and most
challenging in the entire aircraft industry.
Because of this, we can offer stinuilating experiences in an ideal environ-
ment. Work associations could include joining an electronic team of twenty
to thirty associates—or—working with a highly selective group of four or
five on interesting problems of radiation, inslrnmentalion, auto pilotage,
automatic stat)ilization, etc.
And what of your future.^
That, of course, involves your own potential for growth. As
a far-sighted company, we're more thaTi willing to help you
meet the challenge of "going up-stream"!
For factual and detailed information
about careers with us, please write to Mr.
Richard L. Auten, Personnel Department.
SIKO KY AIRCRAFT
DIVISION OF UNITED AIRCRAFT CORPORATION
STRATFORD, CONNECTICUT
THE TECHNOGRAPH
OUT OF THE LABORATORY
Advanced power conversion systems
for space vehicles utilizing energy of the sun or
heat from a nuclear reactor are now being devel-
oped by Garrett's AiResearch divisions. Under
evaluation are dynamic and static systems which
convert heat into a continuous electrical power
supply for space flight missions of extended dura-
tion. Component and material developments for
these systems are being advanced in the fields of
liquid metals, heat transfer, nonmechanical and
turboelectric energy conversion, turbomachinery,
alternators and controls.
Besides solar and nuclear power systems for
space applications, other product areas at Garrett
include small gas turbine engines, environmental
systems for advanced flight vehicles, cryogenic
fluid systems and controls, pneumatic valves and
controls and missile accessory power units.
This diversification of project areas enables
the engineer at Garrett to specialize or diversify
according to his interest, not only making work
more interesting but increasing the opportunities
for responsibility and advancement.
An orientation program lasting several months
is available for the newly graduated engineer,
working on assignments with highly experienced
engineers in laboratory, preliminary design and
development projects. In this way his most profit-
able areas of interest can be found.
For further information about a career with
The Garrett Corporation, write to Mr. G. D.
Bradley in Los Angeles.
¥HE
esearch Manufacturing Divisions
Los Angeles 45, California • Phoenix, Arizona
Systems and Components for: aircraft, missile, spacecraft, electronic, nuclear and industrial applications
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Engineers and Managers
Orii out of four engineers in in-
dustry believes that engineers arc
thought of as second class profes-
sionals, but no industrial managers
agree nith this opinion.
—Sixty-one per cent of the engineers
employed in industry think there is
considerable inal-utilization of en-
gineers, but only 30 per cent of in-
dustrial managers agree.
—More than half the enpineers in
industry think that higher pay
liould advance the engineering pro-
fession, but only 20 per cent of in-
dustrial managers agree.
These are some of the findings re-
ported in a suney entitled "Engineering
Professionalism in Industn,"' made un-
der the sponsorship of the Professional
Engineers Conference Board for Indus-
tr\-. in cooperation with the Naf.onal
Society of Professional Engineers.
A summar)- of preliminary- findings
in the suney was released at a session
of the annual meeting of the National
Society at the Statler Hilton in Boston
June 11.
The sur\ey was made for the Con-
ference Board bv Opinion Research
Corporation on the basis of extensive
interviews with 209 engineers and 40
managers.
The primary objective of the study
was to find out what engineers and en-
gineering managers mean by profession-
alism, and how they think it can best
be advanced.
The interviews brought out that 90
per cent of the managers questioned stat-
ed that they regarded engineers among
the employees making the most valuable
contribution to the company. Less than
half of the engineers felt that they were
so regarded by management.
One fourth of the engineers stated
that management tries to provide a crea-
tive atmosphere, but nearly half of the
managers claimed that management tries
to pro\-ide such an atmosphere. Sixty-
eight per cent of the managers indicat-
ed they believed management shows gen-
uine respect for engineers; however,
only 36 per cent of the engineers agreed
with this.
The survey concluded that a lot of
the problem in engineering professional-
ism "seems to be due to a lack of two-
way communication between engineers
and managers."
The survey also found a considerable
difference in professional attitudes be-
t^veen engineers in companies which
would score high on efforts to encour-
age and develop high standards of en-
gineering professionalism and engineers
in those companies which would not
score so high in such an evaluation.
Forty-four per cent of the engineers
in the above-mentioned "high scoring"
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companies stated that management real-
ly believes in the professional status
ot
engineers, while only seven per cent ot
the engineers in the second type of com-
panv agreed with this.
Fifty-three per cent of the engmeers
in the second t>-pe of company said that
engineers are "sort of a commodity
—
let' go quicklv if business is poor," but
onlv seventeen per cent of the engineers
surveyed in the "high scoring" compan-
ies held this view.
Fortv-nine per cent of the engineers
in the "high scoring" companies ad-
mitted to considerable mal-urilization of
engineers, but 82 per cent of the engi-
neers in the second type of company
said there was considerable mal-utiliza-
tion.
The suney found widespread agree-
ment in the "high scoring" type of com-
panies that unions are incompatible with
engineering professionalism. In the sec-
ond t\T5e of companies, interviewers
found more sentiment against than for
engineering unions, but nowhere near
the sentiment against such unions as was
found in the "high scoring companies.
The survey is the sixth in a series of
executive research reports made for the
Professional Engineers Conference
Board for Industry.
Siberian Heat Wove?
A Russian engineer proposes to
change the climate of a secdon of Si-
beria near the Xevelskiy Strait. He be-
lieves the severe winters would be re-
duced if a five-mile dam were built
across the strait and the warm tides of
the Sea of Japan were let in through
special one-way gates to prevent them
from flowing back out. The water, in
turn, would warm the air in the sur-
rounding region and never let the tem-
perature drop below 30 degrees Fahren-
heit, the Russian claims.
Worth More Than Gold
The tiny electronic parts used today
in everything from miniature radios to
missile guidance systems cost relatively
little per unit but, if bought by bulk,
would be worth many times their
weight in gold. An ounce of transistors,
for instance, would cost about $300,
compared to gold's present value of S33
per ounce.
Ill Wind That Blew Good
The world has long-winded Greek
orators of the Fifth Centur\- B. C. to
thank for the invention of the clock.
The first clock, a clepsydra, was a sim-
ple water-filled container with a small
hole at the bottom. After its adoption.
Greek speakers, who once droned on
for seven or eight hours, had to limit
their speeches to the time it took to
drain the container.
Ford Doubles the Pot
A broad program to aid education by
matching, and in some cases doubling,
contriburions made by Ford Motor
Company employes to United States col-
leges, universities and secondary- schools
was announced today by Henn" Ford
II, company president.
The company will donate a maximum
of 512,000 in support of any one em-
ploye's gifts. Employees need not be
alumni of the institutions to which they
contribute to make their gifts eligible
for matching under the new Ford
Motor Company grants.
Under the program, called the Ford
Educational AID (assistance and incen-
rive donarion) Program, the conipany
will match an employe's contributions to
colleges and universities dollar for dol-
lar to a maximum of $5,000 in any one
calendar year.
If any of the contributions are made
to private colleges or universiries, the
company will donate an additional dol-
lar for each employe dollar for the first
Si ,000 so contributed. It is possible,
therefore, for an employe's gifts of S^^,-
000 to universities or colleges to gener-
ate $6,000 in donations by Ford.
The company also will donate up to
$6,000 to match an employe's gifts to
secondan- schools on the same basis as
it matches gifts to institutions of higher
learning. Thus, an employe, by making
gifts to colleges or universities and to
secondaPi- schools, could generate a total
of $12,000 in Ford supporting dona-
tions.
"We believe that in addition to its
corporate educational aid programs, our
company should encourage its employes
to make financial contributions to col-
leges, universiries and secondan' schools
of their own choice," Mr. Ford said.
"Our plan to match individual gifts
and, in some cases, to add twice the
amount of the employe's gift, should
provide a substantial incentive toward
greater individual support of educational
mstitutions. If we can help broaden the
base of support for educarion, our
schools will have greater resources upon
which to draw now and in the future.
"Too often in our consideration cf
aid to education we forget the secondar>"
schools, which play an important part in
the preparation of young men and
women for higher education. These
schools are also deserving of support. By
including them in our matching-gifts
program, we hope to make it possible
for them to share in contributions from
individual employes."
By the way, what's a Grecian L rn,
an\-way ?
Now that I think about it, I s'pose
it all depends what he does.
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LUNAR PROBE . . .
( (^onlinuid from Page 22)
A hold off may be necessary so the ship
can he positioned to avoid any obstacles
such as gullies, nioiuids, or rocks which
could wreck the ship.
The landing gear will probabh' have
tour adjustable legs to compensate tor
rough or une\en terrain at the landing
spot. These legs will be extended short-
ly before landing, and will be equip-
ped with a sensitive control device so
that the ship remains vertical at all
times.
Heing on the surface of the moon will
be much different from being on the
surface of the earth. The curvature of
the moon is much more pronounced th:;n
the curvature of the earth because the
moon is only one-fourth the size of the
earth. The only colors on the moon will
be the jet black of space and a brilliant
white where the sun's rays strike the
ground. Also, there will be a few dull
tones of brown and gray. There will be
no clouds, dust, wind, or sound on the
surface of the moon. Gravity will be
about 1 '6 that on earth. With these
startingly different phenomena, the first
explorers will have to be very stable
psychologically to endure this very
strange environment.
Solar batteries will be set up to furn-
ish the power for re-charging the ships'
batteries and to run small machines that
will be used in exploration of the moon's
surface. The landing will probably oc-
cur during the two weeks of daylight
and the exploring party will depart be-
fore the moon night sets in, with its
threatening sub-zero temperatures.
The first e.xplorers will not venture
very far from the rocket ship. Sampl-
ing of the various rock strata and col-
lecting niineralogical specimens will take
up much of the time on the moon's sur-
face. Clues to the moon's origin and that
of the universe may also be discovered,
or sought. Prospecting for frozen air
and water in crevasses will have high
priority, because those two fundamentals
together with food constitute the neces-
sities of life. A lunar base would need
these items, and if water and air can
be found on the moon the probability of
establishing a moon colony would be
greatly increased. The first expedition
might also disclose how the huge craters
were formed, and the presence or abund-
ance of various raw materials and min-
erals might be disclosed. Measurements
of cosmic rays, frequency of meteorite
hits, and measurements of magnetic flux
will be taken.
Escaping from the moon's gravita-
tional field will not pose a serious prob-
lem for the moon's gravitational attrac-
tion is only a fraction of the earth's.
The return voyage to the orbit around
the earth will be nearly the same as the
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first part of the trip. In the orbit, a
winged \ehiclc will be waiting to re-
turn the exploration party and their
findings to the surface of the earth.
The first probes have already been
made, and man is on the verge of space.
The U. S. expects to put a man in an
orbit around the earth within the next
two years, when the most difficult prob-
lem in sending men to the moon will be
solved. Then manned exploration of the
moon may take place within five years,
much sooner than most people think.
After this is accomplished, man will
have taken a major step forward toward
comprehension of the unknowns of
space, and toward the fulfillment of the
dream man has always had of reaching
out bevond the earth.
Who Buys Your Tires Hot Rod?
A short, hurry-up trip to the shop-
ping center may wear your tires more
than a longer, faster trip on a turnpike.
(3ne turn aroimd a city street corner
can wear tires more than ten miles of
straight-ahead driving, according to R.
L. Marlowe, a phys'cist at the H. F.
Goodrich Research Center at Rrecks-
ville, Ohio.
Tests show that the way a driver
turns corners, the way he applies his
brakes and the way he accelerates are
the major factors in the rate of his tire
wear.
"While these operations take place
o\er a very small part of the total mile-
age, their effect is large because the rate
of wear for these operations can be 1 000
times as high as for normal straight-
ahead operations."
Tire life can be cut to under 4000
miles by drivers who constantly make
jack rabbit starts, screeching turns and
panic stops. Even a few of these violent
maneu\ers can drastically shorten the
tires" life.
Wheels that are out of alignment aUo
cause excessive tire wear, he said. The
rate of wear is increased seven-fold by
a one degree misalignment, and 50 times
by a two degree misalignment.
New highways wear tires up to three
times faster than older, used roads. This
is because the road surface becomes coat-
ed with a mixture of tar, oil, dirt and
rubber, reducing the abrasiveness of the
surface. Differences ii; the rate of tire
wear were noted also from lane to lane
of the same highway.
Testing methods can accurately meas-
ure the amount of tire wear resulting
from a few turns aroimd a test circle.
The measurement is obtained by weigh-
ing the tire to determine the amount nt
rubber lost.
Purpose of the tests is to evaluate the
wear qualities of new compounds and
new tire constructions.
We're not looking for a
direct answer.
This is just to remind you
that a good knowledge of
miniaturization is worth having
— wherever you go in the
world of engineering.
Keeping engineering minds
well-informed on the latest
progress in — and with —
MPB miniature and instrument
bearings is one of our main
objectives. MPB bearings are
made in over 500 types and
sizes, with O.D.'s from 5/8
to l/lO . They are used in
over 16,000 applications,
ranging from dental
handpieces to missile systems.
Magnificent Miniatures,
a 16mm color and sound film,
pictures the manufacture and
uses of MPB bearings. The new
comprehensive MPB catalog
with basic engineering informa-
tion, describes the complete
line and many applications.
Both ore available to your
class or group, without charge,
from Miniature Precision
Bearings, Inc., 35 Precision
Pork, Keene, N. H.
Helps you perform
miracles in miniaturization
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CRYSTAL
GAZING...
BEYOND
TODAY'S HORIZONS
A helicopter equipped with a specially adapted radio system — this is the modern
method Wisconsin Electric Power Company uses for emergencies and for routine pa-
trol of its many miles of transmission lines. It is typical of the Company's use of
modem tools to solve present and future problems.
Company engineers are currently developing the shape and form of transmission
lines which will be part of the horizon in 19S0 and beyond. Utilizing analog and
digital computers, they are looking at the Company's present 138,000 volt rural
transmission system. Should it be replaced with extra high voltage lines, higher than
some of the Company's present 230,000 volt lines? Should a super power grid be
mounted over the 13S.000 volt system which would then become a sub-transmission
system? These are among the challenging plans that must be made today to suit
an ever changing tomorrow. Imaginative, even revolutionary answers must be forth-
coming from engineers Hke yourself.
Plan now to ask our representatives about future opportunities in your field of
engineering — excellent possibilities to pioneer in the future horizons of electric power.
*
WISCONSIN ELECTRIC POWER COMPANY
SYSTEM
Wisconsin Electric Power Co.
MILWAUKEE, WIS.
Wisconsin l\flichigan Power Co.
APPLETON, WIS.
Wisconsin Natural Gas Co.
RACINE, WIS.
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Record-breaking Atlas missile billows flame and vapor as she launches satellite into orbit.
130 tons of missile with a skin
thinner than a window pane
!
The Nickel Stainless Steel skin of
tlie Atlas missile is actually a])out
one-third as thick as the glass in
your window.
And yet look what this skin does:
• It is the sole structural framework
for Atlas—130 tons of dead weight
at the moment of firing.
• It serves as the wall of the propel-
lant tanks in Atlas" weight-saving
design.
• It withstands the deep chill of
liquid oxygen (—297~F) . . . the
high heat of supersonic speed
(400=F-600°F).
. .
. and it is less than 1/25 of an inch
thick!
j
No wonder they call stainless the
I
space-age metal. No wonder engi-
lOVEMBER, 1960
neers turn more and more to Nickel
Stainless Steel as temperatures rise
... as speeds soar ... as demands get
more and more severe.
But space is only one of tlie new
worlds science is penetrating, and
not even the newest. \^itness man's
35,805-foot dive into the depths of
the Marianas Trench in the Pacific.
Or his exploration of deep cold. Of
super pressures. Of ultrasonics.
Before the manipulation of such
new environments can oven he con-
sidered, scientists and engineers
need to know exactly what happens
to metals under extreme conditions.
Inco Research a source of such data
Ouite often. Inco Kescarcli has
already developed the information
needed and has it neatly filed and
cross indexed. Ready for use. In
several instances, when a new alloy
was needed, i)arrier hrcakers have
found it already developed and
tested ]>y Inco Research.
Renieml)er Inco Research when,
in the future, you encounter severe
new conditions and need useful data.
The International Nickel Company, Inc.
NewYork5,N.Y.
N^Q International Nickel
The Internalional Niikfl Company, Inc., is tlie l'..'^. affiliate of the Inlernalional Nickel
Conipatu 111 Canada, l.iniilcd. ' Iik <p-Cjiuiila i ~ prndiM ir id Inco Nickel, Co|i|ier, Cobalt,
Iron Ore, Tellurium, Selenium, Sulfur and Platinum, Palladium and Olher Precious Metals.
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BOOK REVIEW
ELECTRONICS AND NUCLEONICS DICTIONARY
By Nelson M. Cooke, President, Cooke Engineering Compony; and
John Morkus, Technical Director, Dictionary Department,
McGraw-Hill Company, Inc.
543 pages, 6x9, 452 illustration and diagrams. McGraw-Hill, SI 2.00
More than 13,000 terms used in the
electronics and nucleonics fields are de-
fined in this newly published dictionary-.
It shows the exact meaning and correct
usage of technical words. synon\Tns, and
abbreviations currently being used m
such areas as radio, radar, industrial
electronics, medical electronics, avionics,
space electronics, nuclear science, and
nuclear engineering.
Based on the dictionary- that tor 1:>
years has been widely recognized as the
authority on electronics terminology-,
this updated and enlarp-ed version re-
flects the many maior developments of
recent years. It provides answers to such
questions : What does the term
mean? . . . Has it acauired new mean-
ings recently? . . . What are its syn-
omTHS? ... Is it a trademark? . . .
What is its correct spelling? . . . Should
it be capitalized? . . . Should it be
hyphenated ?
In addition to providing definitions
based on standardized terms approved
bv the IRE. AIEE. AS-A, and other
official engineering societies, the Dicrion-
ar\- gives meanings of many new words
that have evolved from modern techni-
cal advances. Included is technical
nomenclature from the new branches
of electronics and nucleonics—space
technology-, magnetic-tape systems, guid-
ed missiles, under\vater electronics, and
others.
More than 450 illustrations further
clarify and expand the meaning of com-
plex terms, and show examples of typical
circuits and devices. Some of the cir-
cuits contain values of parts, providing
a starting point for the design of a need-
ed new circuit.
A consistent policy has been followed
throughout in connection with the spell-
ing and hyphenation of such trouble-
some compound terms as bandspread.
blackbody. copper-oxide rectifier, cross-
modulation, p-i-n diode, pre-tr tube, and
ser\-oni.otor. This Dictionary" can there-
fore be used as a style manual when
checking terms that will be used in re-
ports, books, technical articles, contracts,
catalogs, advertising copy, sales letters,
and other business correspondence.
Both authors have written a number
of other McGraw-Hill books. Nelson
M. Cooke, President. Cooke Engineer-
ing Company is author of Basic Mathe-
matics for Electronics and co-author of
Mathematics Essential to Electricity and
Radio. John ^larkus. Technical Direc-
tor of the Dictionan,- Department, Mc-
Graw-Hill Book Company, is author,
co-author, or editor of 14 books in the
field, and was formerly Feature Editor
at Electronics.
Further information concerning
Cooke and Markus' Electronics and
Nucleonics Dictionary is available from
McGraw-Hill's Industrial and Business
Book Information Service, 327 West
41st Street, New York 36, N.Y.
Coffee Machines Perking
Almost two billion cups of coffee
gurgled out of vending machines in
plants and offices last year. In 19:i9,
131,000 machines were used during cof-
fee breaks, compared to 99,000 in 1958.
A married couple checked into a
hotel and, after cleaning up. forgot to
turn off the faucets in the tub. A short
time afterwards, the guest in the room
directly under them opened the window
and stuck out his head.
"Turn off that water," he screamed.
"What the . . , is the matter with
you '
"Stop your swearing, " the first re-
turned. "I've got a lady up here."
"And what the . . . do you think
I have down here—a duck?"
Oil Tank Ahoy!
A Tulsa oil refiner\- recently moved
its huge crude storage tanks by building
a dike around them, flooding the area
to create a lake, and then floating the
tanks to their new locations. The com-
pany, which leveled the dike and
drained the lake after the move, saved
thousands by eliminating the need to
dismantle the tanks and transport them
bv truck.
A lonely chick taking a look around
the electric incubator of unhatched eggs
—
"Well, it looks as if I'll be an only
child. Mother's blown a fuse."
Cutler Tribute
The entire Technograph staff wishes
to pay tribute to Stanley Gardner Cut-
ler, a noted alumnus of the L niversity
of Illinois who passed away May 17,
1960.
Mr. Cutler, son of Harry and Laura
Cutler, was born in 1887 in Chicago
and attended R. T. Crane High School.
He graduated from the L niversity of
Illinois School of Engineering in 1908
with special honors. WTiile in school he
helped found the Triangle Fraternity
and the Scribblers Club, was a member
of Sigma Xi. Tau Beta Pi. and most
important of all. was editor of the
Technograph.
After graduation he was appointed
Assistant Engineer. Philippine Govern-
ment, by the United States Bureau of
Insular Affairs. He received an enor-
mous starting salary- of S14(t0 GOLD.
In 1911 Mr. Cutler returned home and
received his Master's Degree in Civil
Engineering from the L niversity of Illi-
nois.
After his marriage to Charlotte Mose-
ley in 1913 he worked until 1942 as a
structural engineer. He pioneered in re-
inforced concrete and built the first
monolithic house in the midwest. During
World War II he worked for the War
Production Board and in 1945 he re-
turned and started his own reinforcing
and engineering business in Rockford,
Illinois, where he worked until he re-
tired in 1956.
Asphalt Aids Planting
Asphalt may soon lacilitate the
growth of crops in arid areas. A spe-
cially-developed blend of asphalt, when
sprayed over seeded soil, prevents mois-
ture in the soil from evaporating. The
strength of delicate vegetable and grass
shoots is such that they easily pierce
asphalt layers as thick as 1 '10 of an
inch.
Faster Teletype System
Teletype messages can be transmitted
at the rate of 1.000 words a minute
through use of a new transistorized
communications system. The system,
three times faster than ordinan' teletype
transmission, uses a t\vo-speed magnetic
recorder to take messages at standard
rate (60-to-lOO words per minute) and
then transmit them at high speed. A
similar unit at the receiving end revers-
es the process. L nits can store up to 12
hours of message information.
It is rumored that the Russians are
going to put se\-en cows in their next
Sputnik. This will certainly be the herd
that was shot around the world.
"Do vou smoke?"
"No.'^
"Do vou drink?"
"No.''
"Do vou neck?"
"No."
"Well what do vou do for fun?"
"I tell lies."
56 THE TECHNOGRAPH
If your sights are set on research and development-
-you1l find
Photography
at Work
with you
K.ESEARCH and development engineers
find photography one of their most
versatile tools. Camera and film can
record the readings of instruments
—
can capture for study the fleeting
transient on the oscilloscope face. The
content and structure of metals can be
studied by photospectrography or
x-ray diffraction. .\nd stresses in parts
are visualized by photographing
plastic models with transmitted polar-
ized light.
There's hardly a field on which vou
can set your sights where photographv
does not play a part in simplifying
work and routine. It saves time and
costs in research, on the production
line, in the engineering and sales
departments, in the office.
So in whatever you plan to do, take
full advantage of all the ways photog-
raph\- can help.
CAREERS WITH KODAK:
With photography ai>'J photographic proc-
esses becoming increasingly important in
the business and industry of tomorrow,
there are new and challenging opportunities
at Kodak in research, engineering, elec-
tronics, design, sales, and production.
If you are looking for such an interesting
opportunity, write for information about
careers with Kodak. .-Xddress: Business and
Technical Personnel Department, Eastman
Kodak Company, Rochester 4, N. V.
Jet heat blast of more than 15,000 degrees Fahrenheit flares over surface
of an experimental nose cone shape in a physics laboratory of .Avco
Research and Advanced Development Division, Wilmington, Mass.
EASTMAN KODAK COMPANY
Rochester 4, N. Y.
\ One of a series*
J
Q. Mr. Savage, should young engineers
join professional engineering socie-
ties?
A. By all means. Once engineers
have graduated from college
they are immediately "on the
outside looking in," so to speak,
of a new social circle to which
they must earn their right to be-
long. Joining a professional or
technical society represents a
good entree.
Q, How do these societies help young
engineers?
A. The members of these societies
—mature, knowledgeable men
—
have an obligation to instruct
those who follow after them.
Engineers and scientists—as pro-
fessional people—are custodians
of a specialized body or fund of
knowledge to which thej' have
three definite responsibilities.
The first is to generate new
knowledge and add to this total
fund. The second is to utilize
this fund of knowledge in service
to society. The third is to teach
this knowledge to others, includ-
ing young engineers.
Q. Specifically, what benefits accrue
from belonging to these groups?
A. There are many. For the young
engineer, affiliation serves the
practical purpose of exposing his
work to appraisal by other scien-
tists and engineers. Most impor-
tant, however, technical societies
enable young engineers to learn
of work crucial to their own.
These organizations are a prime
source of ideas— meeting col-
leagues and talking with them,
reading reports, attending meet-
ings and lectures. And, for the
young engineer, recognition of
his accomplishments by asso-
ciates and organizations gener-
ally heads the list of his aspira-
tions. He derives satisfaction
from knowing that he has been
identified in his field.
Interview with General Electric's
Charles F. Savage
Consultant— Engineering Professional Relations
How Professional Societies
Help Develop Young Engineers
Q. What contribution is the young en-
gineer expected to make as an ac-
tive member of technical and pro-
fessional societies?
A. First of all, he should become
active in helping promote the
objectives of a society by prepar-
ing and presenting timely, well-
conceived technical papers. He
should also become active in
organizational administration.
This is self-development at work,
for such efforts can enhance the
personal stature and reputation
of the individual. And, I might
add that professional develop-
ment is a continuous process,
starting prior to entering col-
lege and progressing beyond
retirement. Professional aspira-
tions may change but learning
covers a person's entire life span.
And, of course, there are dues to
be paid. The amount is grad-
uated in terms of professional
stature gained and should al-
ways be considered as a personal
investment in his future.
Q. How do you go about joining pro-
fessional groups?
A. While Still in school, join student
chapters of societies right on
campus. Once an engineer is out
working in industry, he should
contact local chapters of techni-
cal and professional societies, or
find out about them from fellow
engineers.
Q. Does General Electric encourage par-
ticipation in technical and profes-
sional societies?
A. It certainly does. General Elec-
tric progress is built upon cre-
ative ideas and innovations. The
Company goes to great lengths
to establish a climate and in-
centive to yield these results.
One way to get ideas is to en-
GENERAL
courage employees to join pro-
fessional societies. Why? Because
General Electric shares in recog-
nition accorded any of its indi-
vidual employees, as well as the
common pool of knowledge that
these engineers build up. It can't
help but profit by encouraging
such association, which sparks
and stimulates contributions.
Right now, sizeable numbers of
General Electric employees, at
all levels in the Company, belong
to engineering societies, hold re-
sponsible offices, serve on work-
ing committees and handle im-
portant assignments. Many are
recognized for their outstanding
contributions by honor and
medal awards.
These general observations em-
phasize that General Electric
does encourage participation. In
indication of the importance of
this view, the Company usually
defrays a portion of the expense
accrued by the men involved in
supporting the activities of these
various organizations. Remem-
ber, our goal is to see every man
advance to the full limit of his
capabilities. Encouraging him to
join Professional Societies is one
way to help him do so.
Mr. Savage has copies of the booklet
"Your First 5 Years" published by
the Engineers' Council for Profes-
sional Development which you may
have for the asking. Sin^ply write to
Mr. C. F. Savage, Section 959-12,
General Electric Co., Schenectady
5, N. Y.
*LOOK FOR other interviews dis-
cussing: Salary • Why Companies
have Training Programs • How to
Get the Job You Want.
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Sometime within the next several years, the first
American will soar into orbit around the earth. He will be
sealed in a small, cone-shaped space capsule mounted atop an
Atlas missile. The missile will climb 100 miles in less than six
minutes, where the capsule will disengage and go into orbit. The
man will be alone in space.
The vehicle for this historic voyage is already in production under
the auspices of the National Aeronautics and Space Administration's
"Project Mercury." One of the methods of heat protection is a beryl-
lium heat sink, forged on two giant steel dies. Both dies are USS
Quality Steel Forgings. The top die (shown being rough-machined
on one of our vertical boring mills) will be convex, 20 inches thick
and will weigh 26,520 pounds. The bottom die, concave and 18
inches thick, weighs 27,700 pounds. Both are 92 inches in diameter.
Steel is the starting gun in the race to outer space. Space ships
and missiles couldn't get off the ground without it. And Steel de-
pends on men like you. Send the coupon if you would like to find out
about the many engineering financial analysis or sales career op-
portunities at U. S. Steel. USS is a registered trademark
This mark tells you a product is made
,^^^^
of modern, dependable Stee
United States Steel Corporation
Personnel Division
525 William Penn Place
Pittsburgh 30, Pennsylvania
Please send me the booklet, "Paths of Opportunity.'
Name——
-
School-
Address-
City
-Zone State-
(UsS) United States Steel
know about
tomorrow
\
Westinghouse walls may light, heat and cool the home of the future
It is possible? Definitely. Who can do it? Engineers and
scientists at Westinghouse. How soon? About ten years.
The change may create a completely new kind of
home. Thin wall coverings, called Rayescent panels,
will replace furnaces, air conditioners, light fixtures.
A new source of light called electroluminescence
will make the walls glow. A new source of heat and
cold, thermoelectricity, will make them radiate heat
in winter, absorb it in summer.
Both effects will be produced by ordinar) electric
current. The whole heatmg-lighlmg-coolmg system
will have not a single moving part to make noise or
wear out. And the system will la,st almost forever.
This is just one iii the many research projects that
help make Westmghouse an exciting and rewarding
place for young engineers. For more information
write L. H. Noggle. Westinghouse Educational De-
partment, Ardmore and Brinton Ro.ids. Pittsburgh 21,
'''vou'can'be sure ... if it s WeStlnghOUSe
-i»)ff^ri"
-1
Some ideas
just won't wait
With over 70 advanced projects in the works, the
Northrop atmosphere is so stimulatingthat ideas often
refuse to wait — they compel attention wherever the
inspiration strikes. Missile guidance, rendezvous and
maneuverability in space, bioastronautics, universal
checkout systems, laminar flow control for aircraft
present insistent, gratifying challenges. If you have
sharp creative abilities in these lines, investigate the
intellectually invigorating environment and rewards
offered by Northrop's current and future programs.
We seek exceptional engineers, physicists, and
mathematicians to join our thinkers and doers. Send
us a card today
with your name,
address, and area
OT special interest. Northrop corporation, Box 1525, Beverly Hills, California
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Harmonic shakedown for cars
The "vehicle stroker," pictured above, helps General Motors engineers investigate harmonic vibration, roll
rates and dynamic ride properties of an instrumented car. Through electronics, reseeirchers are able to
measure accurately the resonant frequencies of a car's major components, and actually plot elastic
deflection curves and phase relationships to improve car structure.
To the young mind willing to tackle the problems of modem technologT', General Motors offers
unlimited opportunity in a vast number of scientific and engineering fields—automotive research,
production engineering and manufacturing, electronics and astronautics, to name a few.
GM's many and varied divisions throughout the country present employment opportunities
a thousandfold. Talent is recognized and rewarded, and your o^vn ability is the only restriction
on your rate of progress. In addition, GM's experience and diversification create a favorable
climate for your growth.
GM also offers a program of financial aid for postgraduate and undergraduate studies. For
further information see your college Placement Officer, or write to General Motors Salaried
Personnel Staff, Detroit 2, Michigan.
GENERAL MOTORS
GM positions now available in these fields for men holding Bachelor's. Master's and Doctor's degrees: Mechanical, Electrical, Industrial. Metallurgical, Chemical,
and Ceramic Engineering • Mathematics • Industrial Design • Physics • Chemistry • Engineering Mechanics • Business Administration and Related Fields
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AT RAYTHEON...
Scientific imagination focuses on . . .
RADAR . . . INFRARED . . . MISSILE SYSTEMS
. .
.
COMMUNICATIONS & DATA PROCESSING
. .
.
MICROWAVE ELECTRONICS
.
. .
SOLID STATE
. . .
SONAR . . . ELECTRON TUBE TECHNOLOGY
Positions designed to challenge your scientific
imagination are offered by Raytheon Company to
exceptional graduates (Bachelor or advanced degree)
in EE, ME, physics or mathematics. These assignments
include research, systems, development, design and
production of a wide variety of products for
v^.j' commercial and military markets.
Facilities are located in New England,
California and the South.
For further information, visit your
placement director, obtain a copy of
Raytheon . . . and your Professional
Future", and arrange for an on-campus
interview. Or you may write directly to
Mr. J. B. Whitla, Manager-College Relations,
1360 Soldiers Field Road, Brighton 36, Mass.
Excellence in Electronics
)ECEMBER, 1960
Chemistry in Steelmaking?
You bet! Steelmaking is an extractive industry, and its chemical processes are many,
complex, and—to the trained mind—fascinating.
There are many opportunities for chemical engineers here at Bethlehem Steel,
the world's second largest maker of steel and steel products.
Think of the blast furnace, where complex chemical reactions occur on a tre-
mendous scale. Same with both open-hearth and electric furnaces. These chemical
processes are complicated by the subtle variations in make-up of the materials used:
ore, limestone, scrap metal, alloys. And our coke ovens produce a variety of hydro-
carbon by-products.
Bethlehem offers excellent career opportunities for men in virtually all
For Strength
engineering curricula: metallurgical, electrical, mechanical, industrial, civil,
. . . Economy mining, ceramic, architectural, and others. We suggest that you discuss Bethlehem
.
.
.
Versatility with your Placement Officer. And be sure to pick up a copy of our booklet,
"Careers with Bethlehem Steel and the Loop Course."
BETHLEHEM STEEL COMPANY, Bethlehem, Pa.
BETHLEHEM STEEL STEEL
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After months of intensive work, a research team in Standard Oil's research center next to
our Whiting. Indiana. reSner>' developed a remarkable new gasoline additive—called MjPC^
—that improves car performance. Working on an exf>erimental engine are research scien-
tists (left to right) Norm Esau. Dick Sholts and Bob Malec.
How
scientists
turned
gasoline
into a
mechanic's
helper!
From the day in 1911 that scientists
in a Standard Oil laboratory discov-
ered the secret of efficiently mass-
producing gasoline by cracking oil
molecules, they have continually
sought new ways to make it do more
than just move a car.
Today, thanks to scientific ingenu-
ity, gasoline does much more.
Just recently, for example, scien-
tists in Standard Oil's research center
developed a new additive—one that
turned gasoline into a mechanic's
helper! True, it can't change fan belts,
but what it can do is a pretty good
trick in itself!
Under ordinary traffic conditions,
vamishlike deposits collect in carbu-
retor throats. Engine performance
becomes erratic; idling is poor. -As
time goes on. the deposits become
more difficult to remove.
The new additive discovered by
Standard removes such deposits.
Called M,PC>, it was developed after
months of painstaking work in Stand-
ard Oil's research center. Months of
field tests followed the laboratory
work, .-^nd, in a driving test conducted
with a fleet of taxis in Minneapolis, it
was found that MjPO not only re-
duced deposits in dirty carburetor
throats, but also improved M.P.G.
I miles per gallon I 6.8"^^ because of the
greater efficiency obtained from clean
carburetors. Translated into miles,
6.8<; is 680 additional miles for
every 10.000 Amen'.MiPC>novi is in
Standard's Gold Crown and Red
Crown gasolines.
Such leadership in scientific devel-
opment is nothing new at Standard.
Standard Oil was a pioneer in de-
gummed gasoline, de-waxed motor oil,
and many other improvements. For
70 years. Standard research scientists
have been making contributions to
petroleum progress, searching con-
tinually for ways to make oil more
useful to more people than ever before!
What Makes o Company o Good Citizen?
One gauge is a company's usefulness
...its contribution to the general wel-
fare. Through research. Standard
constantly strives to develop prod-
ucts that will strengthen America's
defenses and help millions of people
in their work, in their homes, and on
the road—today and in the future.
STAXDAUW OIL COMPAAV
910 SOUTH MICMIOAN AVEfJUE, CHICAGO £0, ILllNQIj
STAMDAPO
THE SlOV OF PPOCBCSS
THROVUH ffP-T-FAWrH
BEC: •:r
ow doYoui
JVIeasiire Adiievement?
At Delco Radio Division of General Motors we consider
our position of prominence in the fields of electronics and
solid state physics a positive measure of acliievement.
Talent—bold, imaginative talent stimulated by
the challenge of new concepts—was responsible for this
achievement.
However, past accomplishments are significant only
insomuch as they indicate the path of the future.
At Delco this path is cleai-ly charted ... we intend to
maintain our leadership.
Our current intensive programs in semiconductor
device development and materials research unfold new
challenges daily. Meeting these challenges requires a constant
infusion of new ideas and new talent—aggressive new
talent. That's what we're looking for.
If your interests and abUities are along these Knes,
and you're interested in becoming a part of this ambitious
Delco, GM team, write to Mr. Carl Longshore—Supervisor,
Salaried Employment. Or, talk with our representative
when he visits your campus.
gELCO Radio Division of General Motors
KoKOMO, Indiana
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From the Editor's Desk . . .
The Power of the Pawn
Today across the nation colleges and universities are expanding and swal-
lowing up more and more students. "We dole out education," is the sign above
the door, but because of the size of these schools the sign might as well read,
"We restrict the students." Only certain students are allowed to have and drive
cars on campus, and then they may pork only at city meters. Students now must
even register bicycles. Underage students are even beginning to have trouble
buying at the (payoff) pubs. The fact that a student may live only in approved
housing has proven to be stumbling block to many apartment seeking upper-
classmen. A number of freshmen have no doubt been similarly stumped by the
ruling that no freshman (save the few sly ones who escape the arm of the
law) may own and operate an automobile on campus. When a student is caught
violating any one of the numerous regulations, he is tried in a manner that
would make Perry Mason turn over in his television set.
This total dictatorial power of the University in both making and enforcing
the law is a very necessary role, but there comes a time, as with any machine,
that minor repairs and changes will no longer suffice and a major revision is
necessary. As students find ways to circumvent the university regulations, new
rules are provided to sew up the loop holes. This has led and is still leading to
a more and more complex system. When there is a group of college students
that, on the surface, appear alike yet have different individual privileges, ther&
is produced an unhealthy situation of "if he can, why can't 1?" An obvious
solution is to let everyone do everything. A more practical solution would be to
restrict with one coverall policy— no cars, no apartments, no nothing! The cars
will be replaced by an expanded llli-Bus System, and certainly the many Fra-
ternities and the new dorms will be able to accommodate all undergraduates.
This may be the coming thing.
But, as worthless as the pawn is at the start of a game of chess, if he
transverses the entire board, his power may become second only to that of the
king. No matter how hard the crossing, the goal is still there on the other side
of the board for those who are not captured on the journey across.
-CHJ
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Effects of Solar Activity on
Radio and Television
By Robert D. Fusinati, E. E.
Since the invention of the radio, man
has attempted to increase the range of
the equipment avaihible to him. With
the development of better equipment,
better means of wave propagation, and
better understanding of the physical
construction of the uni\erse, more and
more has been learned about the nature
of Radio and Television signal interfer-
ence. One of the most potent members
of the interference family is the sun.
Solar activity has a definite effect on the
ranf^e of electromagnetic waves.
Solar activity is the presence of sun-
spots on the surface of the sun. There
is a natural eleven year cycle that is as-
sociated with this activity, i.e. there is a
peak in solar activity every eleven years.
The method used in determining this
peak is the following. Special equipment
is used to observe the sun and each sun-
spot is recorded. The equipment used
can observe the sun at any time and as
soon as sunspots appear, the data is re-
corded. Most essential information such
as growth, its life (which may last for
several days), and its size, is tabulated,
and from this, electronic computers yield
information that leads to exact infor-
mation of the particular characteristics.
Over the years, data has been collected
and the characteristics that accompany
each particular solar activity have been
carefully studied. A graphical interpre-
tation of this study may be seen in a
diagram.
The sun, our closets neighbor star, is
a very stable star. Except for its relative
proximity, only 93 million miles, it is
neither extremely large nor small,
neither bright nor dim. Like all other
stars in the sky, the sun is a gigantic
globe of gas having an approximate di-
ameter of 864,000 miles. From its sur-
face, radiant energ>' of all kinds is
poured forth at a rate equivalent to 250
million tons per minute of matter. Some
of this energy reaches us in the form of
heat, light, and other forms of electro-
magnetic radiation. At the rate at which
the sun radiates energy', although it is
a fantastic amount, it will still have a
sufficient amount left to continue for
millions of years.
In brief, sunspots are storms in the
sun's surface layer of bright turbulent
gas. To the obsener on earth the sun-
spots appear dark because of the tremen-
dous decrease of temperatvue in the sun-
spot itself. The temperature gradient
between the sunspot and the rest of the
sun's surface is approximately 2,000 de-
grees Centigrade. "Sunspots send out
blasts of radiation and high speed par-
ticles that hit the earth's atmosphere
and form ionized (electrified) layers at
high altitudes."
Atomic bombardment of the earth by
the sun is thought to cause the earth's
great magnetic storms. Magnetic storms
are accompanied by blackouts in radio
communications, rapid movements of a
magnetized needle, and the brilliant
auroral displays. Scientists have long
suspected that the actions in the sun's
corona, the usually invisible outer at-
mosphere of the sun. were tied in with
the plaguing interruptions of shortwave
radio communications and the mysteri-
ous and beautiful "\orthern Lights."
The reason for the direct correlation
bet^veen radio reception and solar activi-
ty lies in the fact that the sun is itself
an agent that makes radio transmission
possible on the earth. Were it not for
the stream of electrons projected from
the sun and continuously entering the
earth's upper atmosphere, long range
radio reception would be unheard of.
The penetration of this electron
stream from the sun into the earth's
upper atmosphere results in several ion-
ized layers at levels ranging from 30 up
to 1 75 miles above the earth's surface.
One very important layer is the Ken-
nelly-Heaveside ( E^ ) layer. This elec-
trically charged layer acts as a barrier
to conventional broadcast-band radio sig-
nals transmitted from the surface of the
earth, which would othenvise proceed
unimpeded into space. The "radio roof
imposed by this layer makes it possible
for sky-wave radio signals to be reflect-
ed back toward the earth's surface, and
be picked up by a receiver at a distant
point. During the day, when the sun is
in the sky, the Heaveside layer is de-
pressed to about 70 miles above the
earth's surface by the magnitude of the
electron stream limiting the range of
radio reception. At night, because of the
absence of the sun and when subjected
to a diminished electron stream, this
layer rises to an altitude of approximate-
ly 100 miles and radio reception is pos-
sible at greater distances. Similar rela-
tionships involving different ionization
levels, apply to the Appleton (F) layer,
and shortwave radio reception, where
fadeouts are even more pronounced.
In addition to the electrified particles
that may be emitted from the sunspots
themselves, it is belie\ed that bursts of
intense ultraviolet radiation accompany
sunspot activity. Such bm-sts of intense
ultra\iolet radiation can produce so
great a state of ionization in the earth's
atmosphere as to momentarily interfere
with radio communication by absorb-
ing the electromagnetic waves. Such pe-
riods, that have been known to extend
froin a few minutes to several hours,
are known as ionospheric storms.
Occasionally when a particularly
large spot or a group of spots occur at
one time in about the same region, both
short and long wave radio reception may
(Continued on Page 42)
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NUCLEAR POWER
and its APPLICATIONS
By George Carruthers, Aero. Eng. '61, Technical Editor
The histor>- of nuclear power goes
back only to 1896. in France, when Be-
querel discovered radioactivity. In his
experiments. Bequerel discovered that
uranium and its ores would darken a
photographic plate, even it the plate
was completely covered so that no light
could get through. This led him to be-
lieve that uranium gave off some new
t>pe of radiation, similar to the x-rays
discovered by Roentgen in 1895, a yeir
earlier.
The Curies, however, found that
uranium ores from which the uranium
had been removed were almost as radio-
active after the extraction of the uran-
ium as before. From this, they deduced
that there was some other element as-
sociated with uranium ores which was
perhaps even more radioactive than
uranium itself. The discover)' of polon-
ium and radium in 1898 was the result.
However, they found that the rate of
energ>' release from radium, which is
a million times as radioactive as urani-
um, was far in excess of that available
in any chemical reacrion.
In 1905. in his famous theor>' of rela-
tivity. Albert Einstein confirmed th.nt
here, in nuclear reactions, was a source
of energy- potentially millions of times
as powerful as anything known up to
that time. His equation. E=mc^. rocked
the scientific world.
Many other discoveries in this period
contributed to the knowledge of atomic
structure and atomic energy". Thomson's
discovery of the electron in 1897 showed
that the atom was made up of both posi-
tively and negatively charged constitu-
ents. On the basis of this, Thomson con-
structed his "plum pudding model" in
which the electrons were imagined to be
embedded in a positively charged mass
with a positive charge equal to the nega-
tive charge of the electrons, and with
a radius equal to the measured radius of
an atom — about 10~^ centimenters.
However, Rutherford, in his experi-
ments with the scattering of alpha parti-
cles by gold foil, showed that the posi-
tive charge densir\- of the Thomson atom
was far too small to explain the fact
that most of the alpha particles (nuclei
of helium atoms ) went straight through
Ithe foil, but a verv few were scattered
Fig. 1. Binding energies of nuclides versus their mass numbers.
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NUCLEAR BINDING ENERGY EQU/\TI0N
B.E. = If.l A 13.1 aV3_ 0.585^^
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Fig. 3. The process of nuclear fission and variation of potential energy with
time during the fission process.
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Fig. 4. Probability curve of fission product mass numbers. This curve shows
that the fissioning atom tends to break up into unequal fragments, having
mass numbers close to 100 and 140; and that the probability of fission
into two equal fragments of mass number near 120 is very small.
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Was exploded at Alaniogordo, New
Mexico, and several months later atomic
bombs were vised to end the war against
Japan. This impressed on the world
once and for all the tremendous energy-
production capabilities of nuclear reac-
tions.
The Process of Nuclear Fission
As we all know, the nucleus of an
atom is made up of protons and neu-
trons, with a number of electrons equal
to the number of protons orbiting the
nucleus. Here, we will be concerned
only with the nucleus of the atom.
Associated with each particular type
of nucleus, or nuclide, are an atomic
number Z, equal to the number of pro-
tons and neutrons, or nucleons, in the
nucleus; and the neutron number,
N^{A— Z). The symbol for a particu-
lar nuclide is usually written ,( );
e.g. ,,He*, ,,2U"^ ect. If we take the
mass of the 0^" atom as the basis of the
atomic mass system, and define the
mass unit, or a.m.u., to be 1/16 the
weight of the oxygen atom, we find that
a proton weighs 1.00759 amu, the neu-
tron 1.00898 amu, and the electron
0.00055 amu.
It is shown by experimental methods
that the weight of an atom is somewhat
less than the weight of the nucleons and
electrons that go to make it up. For ex-
ample, a He* nucleus weighs 4.00279
amu, whereas two protons and two neu-
trons have a combined mass of 4.03314
amu. Clearly, a mass of .03035 amu has
been lost in the process of putting to-
gether the helium nucleus. This "mass
defect" is also known as the bindinij
cncrqy. since by Einstein's theory,
AE^(Am)c- is the energy that is given
off in forming the helium atom, and con-
versely is the amount of energ\' that
must be supplied to split it up again into
its constituents. Nuclear reaction ener-
gies usually measured in million electron
volts (Mev), where one electron volt
is the energy acquired by an electron
accelerated by a potential of one volt.
If the mass is measured in amu, we find
that one amu is equivalent to 931 Wtw
Therefore, the binding energy of the
helium nucleus is about 28.3 ^lev.
There is also defined the binding energy
per nucleon (B.E./A.), also known as
the packing fraction. The packing frac-
tion goes through a maximum in the
vicinity of iron (A=55). (See Fig. 1).
The fact that the packing fraction de-
creases for both the heavier and the
lighter elements is of primary importance
to the release of nuclear energy. The
very light elements tend to combine,
through the process of fusion, to fonn
heavier elements, whereas the very
heavy atoms tend to break up by fission'
to form more stable lighter elements.
There are postulated several reasons'
for the shape of the packing fraction
curve. There are given by an emperical
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formula for the biiidino; eiicrg:\-. (See
Fig. 2.)
The first term in the equation, which
shows that the binding energy is pro-
portional to A, is due to the "nuclear
force" which holds the nucleus together,
and expresses the fact that the nuclear
force is short-ranged, that is, that each
nucleon interacts only with its nearest
neighbors. The second term is the "un-
saturation effect" or "skin effect." The
nucleons on the surface interact with
other nucleons from one side only, and
therefore would like to grab more. The
unsaturation effect is proportional to the
surface area of the nucleus, which in
turn is proportional to A- . The third
term is due to the Coulomb rcpidsion be-
tween the positively-charged protons,
tending to break up the nucleus, and is
proportional to their distance apart
(A'^ " term). The fourth term expresses
the fact that the number of protons and
of neutrons tend to be equal. The last
term shows that the numbers of nu-
cleons tend to be even as shown in
Fig. 2.
It is seen that of the stable nucleons.
the even-even types are predominant,
whereas the odd-odd types are very rare.
The above equation is the basis of the
"liquid drop" model of the atomic nu-
cleus.
Ordinary lu'anium which is the basis
of most nuclear fission reactions, con-
sists of two main types having the same
atomic number bur different atomic
weights. These two tvpes, which are
termed isotopes, are j,.,U"'^ and „.X '^ '.
In natural uranium, 99. 3""^ is U"''* while
only O./*^; is L'-^'. Only the U"^" is u,=;e-
ful directly in most fission reactions;
however, as we shall see, the L -'* can be
converted into another element which is
fissionable like L "^ '.
If we hit a L '" nucleus with a slow-
moving neutron, the neutron is captured
However, the nucleus is thrown into an
unstable, excited state by the neutron
capture, and according to the liquid-drop
theory, is defomied into an oblong
shape. In this deformed state, the two
ends of the "drop" are so far apart that
the short-range attraction forces are In-
effective, whereas the Coulomb repul-
sion force is still efi'ecti\e. Therefore, the
atom is broken up into two smaller
"droplets" plus two or three additional
neutrons. (See Fig. 3). The loss of
binding energj' incurred by the breakup
goes into kinetic energy of the fragments,
gamma radiation, and some delayed ra-
diation from the fragments. See Fig.
4). A tvpical fission reaction is
,,U=^-'+n— >La"'-f-,,Br^-+2n.
The neutrons which are released by
j
the fission reaction can go on to split
i
other nuclei. Since there are more neu-
trons released by the fission than are re-
quired to start it, both the neutron popu-
(Continucii on Page 32)
Fig. 5. The chain reaction process.
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Fig. 6. The atomic bomb.
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Fig. 7. The concept of neutron cross-sections.
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Two Famous Marks of Quality Get Together
NEW MIRRO
ALUMINUM ^
ROLLING MILL
JENKINS
Consulting Engineers and Contractors: Klug & Smith Co., Milwaukee, Wis. • Mechanical Contractor: Paul S. Grunau Company, Milwaukee, Wis.
To control its 15 miles of piping
Mirro chose JENKINS VALVES
With a trademark that promises the finest aluminum prod-
ucts, Mirro Aluminum Co. wanted the most trusted trade-
mark in the valve world as an assurance of reliability for the
complex piping system in its new $12,000,000 rolling mill
in Manitowoc, Wisconsin.
There are over 15 miles of piping in this huge new mill that
can produce 60,000,000 pounds of aluminum foil and sheets
a year. But there will be no valve problems ... no avoidable
valve maintenance and replacement expense on these lines.
Mirro made sure of that by installing Jenkins Valves
throughout the system.
There's no point in gambling with valve problems when you
can have the known reliability and trouble-saving quality of
Jenkins Valves, without paying extra for the protection.
Jenkins Bros., 100 Park Avenue, New York 17.
Sold Through Leading Distributors Everywhere
.i'_rikins Bronze and Iron Valves on lines
in pump house for water cooling tower
JENKINS
LOOK FOR IHE JENKINS W
SINCE ^^^^ IWJ
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ONE IN A SERIES
Bendix answers your questions
WHAT WILL
DETERMINE MY
STARTING SALARY?
Nearly all professional associations and employers are predicting that
1961 starting salaries for college graduates will be about the same as
those paid in 1960.
The graduate can expect a position—and compensation—commen-
surate with his previous work experience, personal maturity,
and academic record.
While starting salary is only one of the things
''"
to consider, Bendix recognizes it as an
important one, and continually reviews
rates and trends to maintain its strong
position. In addition, Bendix offers
engineers and scientists superb chal-
lenges in such dynamic fields as
those listed below, with a wide
range of freedom to pursue special
interests.
>(
Ask your Placement Director
about Bendix — where you can
build your career to suit your
talents. If you can't arrange a
personal interview, write to
C. B. Cleveland, The Bendix
Corporation, Fisher Build-
' ing, Detroit 2, Michigan,
;'
. for more details.
CAREER OPPORTUNITIES IN CALIFORNIA • CONNECTICUT • INDIANA IOWA • MARYLAND • MICHIGAN • MISSOURI • NEW JERSEY • NEW YORK • OHIO • PENNSYLVANIA
A THOUSAND DIVERSIFIED PRODUCTS SERVING THESE FIELDS:
automotive • electronics • missiles & space • aviation - nucleonics • computer • machine tools • sonar • marine
DECEMBER, 1960 13
The Deans' Page. .
.
WOMEN IN ENGINEERING
By Dean H. L. Wakeland
Each year many young women gradu-
ating from high schools across the na-
tion consider entering the field of engi-
neering but unfortunately many become
discouraged for one reason or another.
Well meaning counselors sometimes dis-
courage capable young women from en-
tering engineering and in other cases the
voung women may never have the infor-
mation needed on which to base a deci-
sion.
Pictured in the accompanying photo-
graphs are women presently enrolled at
the University of Illinois that chose to
study engineering. In each case these
students entered engineering education
because it offered a challenge and oppor-
tunity. Each realized that studies would
be demanding and would curtail social
and extra-curricular activities. To pre-
pare themselve.s for engineering they
emphasized mathematics and science
studies in high school rather than secre-
tarial or homemaking studies selected by
many girls. They have not selected the
easy or mediocre educational path but
one that offers a unique opportunity and
challenge for women.
In "post sputnik" days more women
have been encouraged to enter the sci-
ence and engineering programs than ever
before. A few graduate women engineers
were entering American industry at the
turn of the century but only in recent
years have the widespread engineering
opportunities become available to them.
Since World W^ar II an ever increasing
number of women engineers have entered
engineering education and are now
working in industry or education. In
1940 less than 750 women were in engi-
neering employment and that figure rose
to approximately 6500 in 1950. Recent
studies are not available but it is believed
that nearly twice as many are now em-
ployed as in 1950.
For many years companies shied away
from employing women but now an ever
increasing number actually ask if gradu-
ate women engineers are available. A
quick scanning of positions presently
held by women engineers indicates a
wide range of responsibilities and typical
positions include technical writers, con-
sultants, design engineers, stress ana-
lyists, automotive engineers and struc-
tural engineers, to name a few.
It is commonly belie\ed that women
Standing (left to right), Marianne Voitkevits, Daiio Stoke, Lynn Hamilton,
Kothy Miller; seated, Adrienne Lucchesi, Lee Wognum.
Standing (left to right
, Shoron Gordon, Betty Shinkevich; sitting (left to
right), Lucy Kowalski, Janet Griffin.
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in engineering emplo>Tnent will avoid
"straight-line" engineering work and
will hr.\e a tendency to settle in border-
line engineering areas. This simply is
not true and a stiid\' a iew years ago in-
dicated that about 30"^; of all women
engineers were civil engineers. 20'^,' were
electrical engineers and lO'^f chemical
engineers with about 40"^^ in other areas.
Further, approximatelv 33'^', were em-
ployed in design work, I5'~'c develop-
ment. IKf research. S'^c technical writ-
ing. 8'~^ management. 4*7 teaching, and
S*", production and quality control. On
the basis of the questionnaire there is no
question but what their technical edu-
cation was being utilized effectively.
Pracrically all of the 153 ECPD ac-
credited engineering schools in the L . S.
jre co-educational and in the fall of
1*^60 a total of 1033 coeds registered
for engineering course work. This rep-
resents approximately 0.05 '~; of all stu-
dents enrolled in engineerinof courses,
rhe five engineering schools having the
argest women enrollment were Mis-
louri School of Mines (44). University-
)f Michigan (44). Purdue (43)'.
Vortheastern (33) and Citv College of
S>wYork(30).
At present 16 women are enrolled in
•ngineering at the University of Illinois
)n the L rbana campus. This is a slight
ncrease over past years but still quite
mall in comparison with uni\ersities of
omparable size. Nationally the women
lave organized the Society of Women
engineers and a Student Chapter is be-
ng formed on the Illinois campus this
ear. Professor (Miss) Grace Wilson.
general engineering staf? member, is
icting as an adviser and the student
ociety is hopeful of contacting interest-
d high school girls this year. The na-
ional .society has active sections in both
Chicago and St. Louis and women in-
erested in attending or making contacts
rith the groups could do so by writing
he Society of Women Engineers. New
'ork. The national society also ha.s a
lonthly newsletter that would be of in-
?rest to prospective women engineers.
Condensing via Photography
Photography, the recording medium
bat stores the greatest amount of infor-
lation in the smallest space, is the key
5 success of the Air Forces new trans-
iting machine that changes Russian to
English at the rate of 40 words per
linute.
Through photography, an entire 55.-
00 word vocabulary- is stored in a -"^v;-
ich channel printed on a ten-inch glass
isk. The channel is scanned vertically
nd horizontally by electronics until the
lachine matches a Russian word—fed
1 with punched tape—to its English
quivalent. which is then printed auto-
laticalh- on a typewriter.
(Left to right), Virginia Dodd, Connie Mayer, Marjorie Cubbage.
All About Graduate School
A students eye-view ot how to get
into—and through
—
graduate school has
just been published by the American So-
ciety for Engineering Education. Gradu-
ate study is becoming more important in
engineering. Not ever}- engineering stu-
dent should take graduate study, but he
should consider the possibility. "The
Road to Graduate School" will give
him the data to consider that possibility
intelligently.
The new publication tells the engi-
neering undergraduate about graduate
study and the life of the graduate stu-
dent. It was published by ASEE's Com-
mittee on the Development of Engineer-
ing Faculties. Publication was supported
by the Ford Foundation. The new book-
let gives the undergraduate a clear, ob-
jective picture of what graduate study
is like, what its goals are, and what it
requires of the student.
"The Road to Graduate School" was
prepared by students in the University
of Illinois chapter of Tau Beta Pi. en-
gineering honorary societ)'. and has the
student's approach throughout. The aim
of the authors was to give information
that would apply to graduate study at
any accredited engineering school in the
United States.
The booklet is being distributed
through engineering deans and individ-
ual chapters of Tau Beta Pi. It is avail-
able free to all undergraduate engineer-
ing students.
Illustrated by five photographs and
four cartoons on graduate student life,
"The Road" presents twenty pages of
the most essential information for plan-
ning graduate study, including the rea-
sons for taking graduate work, the kinds
of degrees available, and the life of the
graduate student. One section deals with
what graduate study requires of the stu-
dent, and another tells how to go about
choosing the right school for the indi-
vidual student's needs. The section tell-
ing "when and where to apply for what"
is followed by a calendar for applica-
tions and inquiries that should help the
prospective graduate student meet all the
necessary deadlines.
For the married student there is a sec-
tion on married housing, jobs for the
wife, and similar problems that he may
have to solve.
A detailed section on financial sup-
port outlines the types of support avail-
able and the advantages and disadvan-
tages of each. This .section makes the
point that the engineer who is qualified
for graduate study should have no trou-
ble getting financial a.ssistance if he
needs it.
A "Bibliography for the Prospecti\e
Graduate Student" is the last section of
the booklet. It provides an annotated
list of references for the undergraduate
who wants more information about
graduate schools, financial aid. and
other aspects of graduate stud\.
The entire booklet is what its title
suggests—a brief, direct, inclusive map
for the road to and through that inter-
esting region, graduate school.
Skindiver Builders
Professional skindivers helped build
foundations of a chemical plant in 14
feet of water. The foundations were
first assembled in four sections on the
ground, lowered into the water and the
divers bolted them to existing piers.
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BLOW MOLDING
(Celanese Corporation)
A modern version of an ancient con-
cept is giving a new look to the plastics
industry and to home cleaning and laun-
dry shehes.
The concept is that of blow molding,
invented during Roman times by the
Phoenicians as a way of blowing glass.
Today this basic concept, embodied in
automatic production lines, underlies
one of the fastest growing segments of
industry—blow molding of plastic items
for use in home and industry.
(ireat strides forward in science and
technology set the stage for this blow
molding upsurge, which has become a
full fledged plastics re\olution during
the last two years. Production lines in
the United States currently are turning
out blow molded plastic items by the
millions. For example, one new plant of
Celanese Plastics Company near Tren-
ton, N.J., can make up to 100,000 plas-
tic containers per day on its production
lines.
This array of blow molded plastic
items is displacing conventional materials
such as glass and tin in a large num-
ber of applications, ranging from bot-
tles for home laundry detergents to sun
visors for automobiles. The blow mold-
ed item might be a mouthwash contain-
er, a watering can, a 55-gallon drum
type container, a new toy, a bowling
pin. a shoe polish container or one of
himdreds of other shapes and sizes.
The initial impact of the blow mold-
ing revolution has been focused on plas-
tic containers for household detergents,
previously marketed in cans. The plastic
detergent bottle is becoming a standard
item on the shelves of households across
the country. The consensus is that by
the end of this year, practically all of
these detergents will be sold in plastic
containers. Industry estimates are that
blow molded plastic bottle consumption
for all uses—home and industrial—will
reach a total of 2,000,0(10,000 to 3,000,-
000,000 per year withi nfive years.
There are two principal reasons for
the wholesale switch to plastic contain-
ers. First, a relatively new plastic— lin-
ear polyethylene
—
provides such tough-
ness, strength and rigidity that the wall
thickness of the containers can be half
that of conventional containers. This
means a saving in material and lower
weight.
Second, the containers have made a
great hit with consumers because the
plastic is light, non-breakable and has
styling appeal. The\ have proved high-
ly popular with ni'lady who likes to take
them off the supermarket shelf and put
them on the shelf at home. The makers
of blow molded plastic containers see
the whole field of household cleansers,
bleaches, and disinfectants open to them.
Plastic blow molding developed into
a full scale revolution after commercial
processes for producing linear polyeth)-
lene were perfected, and the plastic be-
came readily available in large quanti-
ties. Celanese Corporation of America
pioneered the commercial introduction
of linear polyethylene with the opening
of a new plant in Houston, Tex., in
1^57. The capacitv of the plant for pro-
ducing FortiHex, the Celanese name for
the plastic, was increased to 5,000,000
pounds per year in 1959.
Before the advent of linear polyethy-
lene, manufacturers of blow molded
products had been at a loss to find a
suitably rigid plastic to mate with new
machines for low cost mass production.
Since 1947, squeeze bottles had been
blow molded from the older, softer low-
density polyethylene, but applications
and markets wei'e limited.
Meanwhile, development of more
automatic production techniques for
making blow molded plastic items con-
tinued to move forward. One of the
leaders in this field was the Royal Man-
ufacturing Compan\ which was acquired
by Celanese.
The basic techniques in\ol\ed in blow
molding a plastic item are relatively
simple. A heated, semi-soft sleeve of
plastic is inserted into a metal mold that
is shaped in the desired design. Com-
pressed air is then injected into the plas-
tic sleeve to pressure it against the side
of the mold and make the plastic con-
form to the design. After being released
from the mold, the formed plastic is
trim finished and packed for shipment
to customers.
To accomplish this production cycle
at high speeds takes large, modern ma-
chines such as the big rotating wheels,
which each contain multiple mold sta-
tions, on the production lines of the
Royal plants of Celanese. Research con-
tinues on developing machines that will
do the job with even more speed and
economy.
Another area of research and develop-
ment is focused on broadening the
range of plastic materials that can be
used in blow molded products. As previ-
ously noted, con\entional low-density
polyethylene can be used where a pli-
able or "squeeze bottle" effect is de-
sired. Celanese has also begun to blow
mold containers from cellulose acetate,
another type of plastic. Containers from
this plastic have a crystal transparency
that cannot be achieved with polyethy-
lene.
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Solid opportunities witli solid state devices
A big part of Western Electric's job is to manufacttire the
miniature "new arts" products that are changing the science
of communications. It s a job which offers \ou a challeng-
ing career—a chance to plan new methods of mass produc-
ing ever-improving kinds of transistors, ferrite devices,
diodes, special purpose electron tubes, etc.
Youll be with a company that is expanding rapidly in
this field. .\t present our Allentown and Laurcldale, Pa.,
plants are devoted e.xclusiveh' to making electron devices,
and a big new plant is under construction in Kansas Cit\'.
The needs of the Bell Telephone System for these products
are increasing daih and will niultipK' enormousK' with the
introduction of Electronic Central Office switching now
nearing trial operation.
These devices are changing the scene at all our manu-
facturing plants as they go into the startling new com-
munications products developed b\- our associates at Bell
Telephone Laboratories. From microwave transmission
equipment to submarine cable amplifiers, our products call
for creative production engineering, installation planning,
and merchandising methods. Our job for the Bell Svsfem
and the U.S. government has grown to the point where we
are now one of the nation's "Top 11 " in industrial sales.
-And your chance to play an important part in our future
growth is solid!
Opportunities exist for electrical, mechanical, industrial, civil ancj
chemical engineers, as well as physical science, liberal arts, and busi-
ness majors. For more information, get your copy of Comider a Career
at Western Electric from your Placement OflRcer. Or write College
Relations, Room 6105, Western Electric Company, 195 Broadway, New
York 7, N. Y. Be sure to arrange for a Western Electric interview when
the Bell System recruiting team visits your campus.
H^^f^r^Tfgf^
MANUFACtUIINC AND SUPriT UNIT OF THi llll STSriM
Principal manufacturing locations at Ctiicago, III.; Kearny, H. J.: Baltimore, Md.: Indianapolis. Ind., Allentown and Laureldale. Pa.: Winston-Salem, N. C; Buffalo, N. Y.: North Andovei
Mass.; Omaha. Neb.; Kansas City. Mo.; Columbus. Ohio; Oklahoma City. Okla. Engineering Research Center. Princeton. N. J. Teletype Corporation, Skokie. III., and
vittle Rock. Ark Also Western Electric distribution centers in 32 cities and installation headquarters in 16 cities. General headquarters: 195 Broadway, New York 7. N Y
DECEMBER, 1960 17
preferably. .
.
a big FISH in the right-sized STREAM
O
^\ e've been told frequently tlint eiifiineerinn; frraduates are attracted to a
company our size because of an honest and understandable desire to be
"a big fish in a little pond". Perhaps others prefer to think of the future as
the challenge of "swimming up-stream".
We believe that Sikorsky Aircraft is actually the "right-sized stream" for
young engineers wiio would enjoy diversified, small-group activities, as
well as stature opportunities in a field that is not limited nor professionally
confining. Sikorsky Aircraft is the company which pioneered the modern
helicopter; and our field today is recognized as one of the broadest and most
challenging in the entire aircraft industry.
Because of this, we can offer sliinnlaling experiences in an ideal environ-
ment. Work associations could include joining an electronic team of twenty
to thirty associates—or—working with a highly selective group of four or
five on interesting problems of radialion, ins-lriinienlalion. anio pilotage,
automatic stabilizalion, etc.
And what of your future.^
That, of course, involves your own potential for growth. As
a far-sighted company, we're more than willing to help you
meet the challenge of "going up-stream"!
For factual and detailed information
about careers with us, please write to Mr.
Richard L. Auten, Personnel Department.
SIKO AIRCRAFT
DIVISION OF UNITED AIRCRAFT CORPORATION
STRATFORD, CONNECTICUT
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THE POWER OF THE PAW
By Carl Stehman
Editor's Xote: Jt this moment, in the
middle of Sevada and nouhere. there is
a cretv of men U'orking to sink a four
by four hole several miles into the earth.
This hole is to be used as a dump for
radioactive uastes.
Xot long ago. in the process of this
txcavation. three sheets of unknown, in-
destructible, plastic material nere un-
covered. On these sheets there n-ere
strange symbols engraved. \ot long
after the uncovering, a team of the na-
tion's top crytologists, language experts,
and computers uent into action and pro-
duced the follouing translation of those
symbols. But before tie conie to that, let
me give you one more fact about the
manuscript that follous. It Has found at
such a depth as to indicate that it lias
placed there before life on our earth
began.
This is strange indeed, but don't
laugh at my hoax noii. Read.
"I have always thought the fable of
the monkeys paw to be a mere fabrica-
tion of the imagination, a tale express-
ing the grief caused by man's greed. I
should say that until tonight I thought
of it as a fable. Tonight has changed
me and changed my world. That is why
this account is being written for you.
whoever you are. I \\-\\\ be gone long
before your time, but am giving you
this opportunity, this warning, for you
too will have the chance I have had.
Perhaps with the help about to given,
however, you will be able to better what
I have done. Perhaps you will be able to
take the right course of action, whatever
it may be.
'"It is very likely that you do not
know of the monkey's paw and the con-
sequences it has wrought upon unsus-
pecting persons. There are many tales,
many separate events, that are based
jpon this paw. The basic theme of each
is a wish of greed granted for the paw's
jwner. But the matter is not so simple
is that. The owner must pay for this
A-ish in some grisly way. such as the
OSS of a loved one or a limb. Owner-
ship of the paw frequently and mysteri-
pusly changes—no one is sure b\' what
(neans. Take for a simple instance the
jnill worker who discovered the paw
f
'rapped in a brown paper bag under his
illow one night. Hardlv believing his
good fortune, he wished for money to
pay the mortgage on his house. The next
day he caught his arm in a flywheel, and
it was brutally twisted from his body.
The insurance he collected was the exact
sum due on his house.
"Now that you know of the paw's
power, let me tell you what has hap-
pened tonight.
"As mentioned before. I was hardly
a believer in the power of the paw. I
even doubted very seriously that the
paw had ever existed physically. In fact,
a group of us just recently had a heated
discussion as to the possibility of such
things ever existing, and I had taken a
strong position against the super-natural.
That is why tonight I thought myself
to be the victim of a practical joke.
\Vhat is a more natural prank than to
have a monkey's paw appear m>sterious-
ly in the house of a staunch non-believer
of the supernatural?
"Ves. there was an unaddressed pack-
age on the table when I came home to-
night. When I unwr.npped the brown,
string-tied paper there was before my
eyes a small metal box tliat shone with
a strange luster. Sliding back the lid dis-
closed the sight of a small shriveled
monkey's paw. I mused over it for a
v.hile and thought of the gleam there
must have been in someone's eye as he
produced such a plan of devilment. I de-
cided then and there that my plan of re-
action would be silence. If no word was
said, the mastermind was sure to give
himself away in curiosity.
"At the dinner table another twist
came to me. I would try to make a wish
on the paw tonight. Then when the
originator exposed himself, I could poke
fun at him by telling him the paw was a
dud, a completely impotent stick of bone
and fur.
"Yet, when I got the paw and held
it mockingl- L--fore me to make the
wish. I couK. : ot bring myself to do
it. What if tlie paw was not a hoax?
What if it did grant me a wish, and
took some joy of my life? I chided my-
self for thinking such things. They could
not make a believer out of me! But now
that I had introduced such a thought
into my mind, .some premonition would
not let me make the wish. So strong w.-is
this premonition that finally, much to
my distaste, but more to the satisfaction
of some strange power, I decided to put
the paw away — just in case. What
foolishness, I thought. Coward
!
"I turned to the work at hand, but
without success. I tried to read, again
without success. I tried to sleep — also
without succe.ss. The thought of the
paw burned in my mind. I would cry
out in agony if I could not experiment
with it soon. But how? I definitely had
a bad case of cold feet. Suddenly a
stroke of brilliance was upon me. I
would outsmart the paw ! The simple
solution was to make a wish so unselfish
that I woidd not mind giving up any
of my joys — anything I possessed
mentally or physically, in love or reality
— to have it granted.
"Using this rule I formulated a wish
and phrased it carefully into words leav-
ing no loophole. And all the while I
cursed myself for spending this time
with such childishness; yet all the while
black doubt rushed into my mind for
some unknown pool. Finally I was
ready, and for some reason the sweat
now poured from me freely. I held the
paw fimily in my hand, and made my
wish. It is done. I have wished that our
earth is a world of peace and happiness,
a world of contented inhabitants, a
world lacking physical conflict. So I
have my wish—it is irrevocable.
"1 was cunning, so cunning. Perhaps
the harder one tries to outsmart the paw,
the greater his punishment. The result
of my wish is morbid in spite of every
precaution. / am alone. Knemies have
ceased to exist. The once alive flesh of
each animal is but a rotting remainder.
The plants are lifeless stalks. From my
wish I have received a consequence
worse than the most vivid of my night-
mares. My world is a graveyard.
"Now you. whoever you may be,
have my story to help you with your
decision, for your turn will surely come.
Do not misinterpret my story. It is not
necessary to possess the paw to will
peace upon a world. You must pos.sess
the power. If you do possess the power,
and it is your will, allow me to warn
you of one more thing.
"The paw was gi\en a problem th.it
has puzzled my people for ages, and it
presented the solution. For although the
problem is similar to a great equation
with many variables, it has a simple, but
solitarv solution—zero."
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The Wonderful World of
WIRE ROPE
(Precis)
Wire rope does more jobs for us than
most people realize and is far more com-
plex than is commonly supposed—it
dangles from cranes, supports, huge
bridges, helps drill oil wells, and steer
ships.
To show just how complex it may be,
did you know that some ropes may ha^e
as many as 18 different strands—with
each strand containing up to 46 sep
-aparate wires? Or that the strongest
wire rope is made of extra improved
plotu steel f ("Weakest" ropes are
iron.) Or that wire ropes have cores—
and the core of some ropes is a huge
spring.'
Even a partial list of its uses like a
roll call of American industPi'. Wire
rope goes to sea in the form of rigging
and guy ropes, fishing ropes and cargo
fall lines, mast arm ropes, steering ropes,
mooring lines and towing hawsers. (A
tow rope only 2^4. inches in diameter,
made of the best quality improved plou-
steel, may have a breaking strength of
207 tons!) Aircraft cable, iron sash
cord, can conveyor and traction drive
ropes for mining, logging, oil rigs and
construction equipment are made of wire
rope. The thin, graceful strands of rope
form part of the vertical supports on
many bridges.
Jones & Laughlin, a steel company
that is also a leading producer of wire
rope even employs men as "Rope Engi-
neers." They consider wire rope a ma-
chine and feel that it must be precision
engineeed and given as careful main-
tenance as other special purpose ma-
chines.
In the manufacture of these novel
machines the manner in which wires
and strands are twisted is a big factor
in determining the flexibility of the
rope and .ts resistance to fatigue and
abrasion. To insure greater flexibility
and handling of the rope a process is
employed called preforming in which
the wire and the strands of the rope
are shaped to fit the position they will
assume in the finished rope. Preformed
or Permaset rope is more flexible and
less cranky because the internal stresses
have been removed so that the rope
doesn't work against itself.
Some of the newest ideas pertain to
the core of the rope around which the
wires are laid. Rope centers have al-
ways been made of vegetable fibers, a
single wire strand, or a separate wire
rope. Recently, Jones & Laughlin added
two new types. PlastiKore rope has a
tough pol\'\'inyl plastic center which
avoids the weaknesses of the fiber cen-
ter: resistant to water, acids, caustics
and other substances, it won't rot, rust,
or develop fungus growths. Springkore,
the rope with a steel spring center, is
highlv flexible for very long periods of
time, resists crushing action better than
any other wire rope, and has less in-
ternal friction than other types.
The hollow inside of the spring can
be packed with rope lubricant so that
the rope gets oiled as it does its daily
work. Lubricating a wire rope is as
necessary as putting motor oil in a car,
engineers say—and they've developed
several lubricants intended for the job.
Carrying the automobile analog>' still
further, Jones and Laughlin rope engi-
neers advise wire rope operators to move
ropes at regular intervals in order to
shift wear
—
just like rotating tires on
an automobile.
The wire rope operator has anything
but an easy job. He must know just how
to "spool" a line (roll it on a drum)
and run it without crushing, distorting
or kinking (looping) it; he must be
able to cut and splice ropes accurately,
know just how much of a load will tax
a rope to its breaking strength. A new
rope can easily be damaged by operating
error—and so it has to be broken in.
Putting a new rope through a working,
cycle at slow speeds and light loads
actually strengthens it by setting the'
strands more firmly in place.
A wire rope should be at least five
times as strong as the rope strength
needed to take care of a working load.
That's the rule of thumb for general
cases, but often stronger ropes are de-
sirable for greater safety and economy.
That's where the grade of steel comes in.
An average size of extra improved plow
steel wire can hold as much as 330,000
pounds per square inch. The same size
wire in other grades would exhibit
strengths as follows: Improved plow
steel—248-286,000 pounds per square
inch; Plow steel—216-248,000 pounds
per square inch ; Mild Plow Steel
—
188-216,000 pounds per square inch;
and Iron about 100,000 pounds per
square inch.
Indeed, the legendary Hindu rope
trick seems a little less awing when we
consider that the industrial needs of a
complex civilization are supported by a
slender twist of steel.
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Technociitie . . .
BOBBI SIMON
22 THE TECHNOGRAPH
Our Technocutie for the month is 18 year old
Barbara Simon, nicknamed "Bobbi." Her Zeta
Tau Alpha sorority sisters have a pledge of
whom to be especially proud. Although Bobbi
is just a freshman on the Illinois campus, she
has already gained recognition (not to mention
a few wolf whistles) by being selected the 1960
Dolphin Queen. Her long blonde hair, dimples,
and cute figure make it easy to see how Bobbi
won this popular queen contest. Miss Simon
stands 165 centimeters high and measures 91.5-
61-90 (that's in centimeters) in the right places.
Bobbi's main interests lie in the field of
music. She is enrolled in music school with a
voice major, and she hopes someday to enter
show business and sing in musicals. (Talent
Scouts take note.) She may also like swimmers
for it is rumored that she presented the trophies
at the Intro-Mural Swim Meet. We forgot her
phone number, but it's in the book.
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Wliat Tvouldl YOU do
as an engineer ^
Development testing of liquid hydrogen-fueled rockets is car-
ried out in specially built test stands like this at Pratt &
Whitney Aircraft's Florida Research and Development Center.
Every phase of an experimental engine test may be controlled
by engineers from a remote blockhouse (inset), with closed-
circuit television providing a means for visual observation.
ratt & Whitney Aircraft?
Regardless of your specialty, you would work in a
favorable engineering atmosphere.
Back in 1925, when Pratt & Whitney Aircraft was
designing and developing the first of its family of
history-making powerplants, an attitude was born—
a
recognition that engineering excellence was the key
to success.
That attitude, that recognition of the prime impor-
tance of technical superiority is still predominant at
P&WA today.
The field, of course, is broader now, the challenge
greater. No longer are the company's requirements
confined to graduates with degrees in mechanical
and aeronautical engineering. Pratt & Whitney Air-
craft today is concerned with the development of
all forms of flight propulsion systems for the aero-
space medium—air breathing, rocket, nuclear and
other advanced types. Some are entirely new in
concept. To carry out analytical, design, experimental
or materials engineering assignments, men with
degrees in mechanical, aeronautical, electrical, chem-
ical and nuclear engineering are needed, along
with those holding degrees in physics, chemistry
and metallurgy.
Specifically, what would you dol—your own engi-
neering talent provides the best answer. And Pratt
& \\hitney Aircraft provides the atmosphere in which
Jiat talent can flourish.
"or further information regarding an engineering
areer at Pratt & Whitney Aircraft, consult your col-
ege placement officer or write to Mr. R. P. Azinger,
:ngineering Department, Pratt & Whitney Aircraft,
last Hartford 8, Connecticut.
At P&WA's Connecticut Aircraft Nuclear Engine Lab-
oratory (CANEL) many technical talents are focused
on the development of nuclear propulsion systems for
future air and space vehicles. With this live mock-up
of a reactor, nuclear scientists and engineers can
determine critical mass, material reactivity coefficients,
control efTectiveness and other reactor parameters.
Representative of electronic aids functioning for P&WA
engineers is this on-site data recording center which
can provide automatically recorded and computed
data simultaneously v^ith the testing of an engine. This
equipment is capable of recording 1,200 difFerenf
values per second.
Studies of solar energy collection and liquid and vapor
power cycles typify P&WA's research in advanced
space auxiliary power systems. Analytical and Experi-
mental Engineers work together in such programs to
establish and test basic concepts.
PRATT & WHITNEY AIRCRAFT
Division of United Aircraft Corporation
CONNECTICUT OPERATIONS - East Hartford
FLORIDA RESEARCH AND DEVELOPMENT CENTER - Palm Beach County, Florida
A Word About...
THE T.A.M.
DEPARTMENT
The Department of Theoretical and
Applied Mechanics at the University of
Illinois ofFers a four-year undergradu-
ate course leading to the degree of
Bachelor of Science in Engineering Me-
chanics. It also offers excellent gradu-
ate work and a chance to do research in
many varied and interesting fields. The
undergraduate courses are designed to
give the student the best poss'ble un-
derstanding of both the basic sciences,
and to give him skill in applying these
sciences to engineering problems.
From a humble beginning, the TAM
department has grown into one of the
finest in the country. It was first in-
itiated on the undergraduate level in
1890 and on the graduate level in 1908.
In September of 1958, the University
added a new undergraduate curriculum
in engineering mechanics.
Today, most of the department's
well-equipped laboratories are housed in
Arthur Newell Talbot Laboratory.
One of them, the concrete research lab-
oratory has the world's most modern
equipment for making, curing, and test-
ing concrete for use on highways,
bridges, buildings, etc.
The materials laboratory has various
types of testing machines for determin-
ing the load-resisting properties of many
different types of materials. The equip-
ment ranges in size from small, deli-
cate, and extremely accurate mechanical
and electrical machines to huge mon-
sters capable of exerting up to three-
million pounds of force.
In the plastics laboratory, the stu-
dent has a chance to use a wide range
of modern equipment to study the load-
resisting properties of plastics under con-
trolled temperature and humidity.
The photoelasticity laboratory has
mechanical, electrical and optical equip-
ment by means of which the student
may analyze stresses in objects of such
an irregular shape that purely mathe-
matical methods are inadequate.
In the fatigue-of-metals laboratory,
the student gets a chance to use ma-
chines which may be found nowhere
else in the world. With these machines
he may study the effect of repeated
loading under various simulated en-
vironmental conditions. He may also
study the internal crystalline structure
of metals on a microscopic level.
The equipment in the hydraulics and
fluid mechanics laboratory enables the
student to study the flow of air, water,
and other liquids in open channels, in
pumps and turbines, and in various pipe
systems. The lab is equipped with many
types of viscometers, tilting flumes, an
air tunnel, and a two-dimensional water
tunnel.
There are a number of new research
projects currently being conducted by
the Theoretical and Applied Mechanics
department. One of these projects is
being sponsored by the United States
Army. It involves work on rocket
launchers for small ground-to-ground
guided missiles such as the Honest John.
There is a new type of machine here
at the University which will allow en-
gineers to attack a problem which has
bothered them for years. This is one
of fatigue of materials under repeated
loads considerably less than that which
can be supported by the material at a
single load.
There have been many machines built
in the past which would apply a load,
but they all applied an unchanging load
at regular intervals. This is far from
the greatly varying loads which come
at irregular intervals on highways and
bridges. It used to be necessary to de-
sign structures on the conservative side
because the tests made were known to
be inaccurate. This practice, although it
made strong structures, caused more
money than necessary to be spent.
The new machine actually simulates
wear on materials by applying a varying
load at irregular intervals. This will
enable engineers to determine precisely
how strong their structures must be
made, resulting in considerable savings
of material.
Magnetic Sparrow
A tiny permanent magnet, no bigger
than a half dollar, is helping to guide
the Sparrow III missile to its target by
supplying the power output used in the
guidance system of the missile.
The Sparrow III is the Navy's air-
to-air missile that can seek out an enemy
aircraft and down it, adjusting its aim
as it seeks out its prey.
The small permanent magnet is made
of Alnico V material, and is made by
The Arnold Engineering Company of
^larengo. 111., a subsidiary of Alle-
gheny Ludlum Steel Corporation.
Sparrow III, currently in production
by Ratheon plants in Bristol, Tenn.,
and Lowell, Mass., was developed by
the Raytheon Company's Missile Sys-
tems Division for the Navy's Bureau of
Aernoautics. It uses a unique radar
technique which has been in continuous
development at Raytheon for more than
14 years.
Attached to the rotor of the turbine-
powered synchronous generator, the
small magnet can generate up to 35
watts of power for the missile's guid-
ance system. In spite of the high degree
of sophistication, the reliability of the
missile has been excellent. The missile
has been tested more than 200 times
with a high degree of hits on aircraft
drones.
All magnets are tested prior to their
being used in the Sparrow III, and are
again tested when in place on the guid-
ance system. These tests consist of
proper wattage output, proper balance
while under load, a rugged vibration
test, and a temperature test—from a
-30 degrees F to a -|-200 degrees F.
The Sparrow III is a solid-fuel mis-
sile about 12-feet long, with a body
8-inches in diameter and weighing about
350 pounds.
Once the missile is released from the
"mother" aircraft, it pursues the target,
computing its course during flight and
actually improves its aim and accuracy
as it nears the enemy. Much of this
accuracy depends on a tiny permanent
magnet powering its guidance system
made of Alnico V.
Leash for Railroad Cars
One man now can move railroad cars
weighing up to 100 tons, at normal
walking speed, using a small switch-en-
gine unit. The unit has a one-cylinder,
two-cycle, six horsepower gasoline en-
gine. A flanged rubber drive \\-heel v.-ith
gripper teeth holds to one rail without
steering or pulls the shunter over rails,
ties or rough terrain to its place of use.
Patient: "Doc, mv memory is going
bad."
Doctor: "How do you know? "
Patient: "How do I know what?"
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OUT OF THE LABORATORY
Bringing space down to earth... this
laboratory sjiace capsule is designed to measure
man's physiological and psychological limits and
test life support systems under simulated space
flight conditions. Now scientists will be able to
study, simultaneously, the space flight stresses of
high altitude, acceleration, heat and isolation.
Developed and being built by Garrett's .AiRe-
search divisions for the U.S. Air Force's Wright
Air Development Division, this ground test space
capsule is an example of Garrett's research leader-
ship in life support and secondary power systems
for space vehicles for long duration flight at zero
gravity. Development of these life support systems
utilizing cryogenic gases and efficient turbine
drive secondary power systems using solar or
nuclear energy are opening up vast new worlds
of exploration and career achievement for engi-
neers in the space age.
A world leader in the development and manu-
facture of major systems and components for
aircraft and missiles as well as advanced flight
vehicles. The Garrett Corporation provides an
orientation program lasting a period of months
for the newly graduated engineer, working on
assignments with experienced engineers in labora-
tory, preliminary design and development projects.
Should you he interested in a career with The
Garrett Corporation, write to Mr. G. D. Bradley
in Los Angeles.
facturina Dg uivisions
Los Angeles 15, California • Phoenix, Arizona
OTHER DIVISIONS AND SUBSIDIARIES: AIRSUPPLY-AERO ENGINEERING • AIRESEARCH AVIATION SERVICE • GARRETT SUPPLY • AIR CRUISERS
AIRESEARCH INDUSTRIALtGARRETT MANUFACTURING LIM I TED t MARWEDEL' GARRETT INTERNATIONAL SA^GARRETTIJAPANI LI MIT EOT
DECEMBER, 1960 27
Eureka . . .
The designer bent across his board,
Wonderful things in his head were stored.
And he said as he rubbed his throbbing bean.
"How can I make this thing tough to machine?
If this part here were only straight
I'm sure the thing would work first rate.
But 'twould be so easy to turn and bore.
It never would make the machinists sore.
I better put in a right angle there
Then watch those babies tear their hair.
Now I'll put the holes that hold the cap
Way down in here where they're hard to tap.
Now thi.s piece won't work. I'll bet a buck.
For it can't be held in a shoe or chuck.
It can't be drilled or it can't be ground.
In fact, the design is exceedingly sound."
He looked again and cried. "At last
—
Success is mine ; it can't even be cast!"
Generator Inside Nuclear Reactor
Westinghouse Electric Corporation
scientists have combined two advanced
forms of power generation to convert
the heat of fission inside a nuclear reac-
tor into electricity.
For the first time, a thermionic and
thermoelectric generator was built into
a nuclear fuel assembly and inserted
into a reactor to produce electricity.
This experiment produced about one
watt of power. It was designed to de-
termine the feasibility of such a "dual
generator without consideration of op-
timum effidency or hii?h power output.
There are significant inherent power
losses in today's nuclear powered gen-
erating stations, caused by the large
temperature drop from the center of the
fuel elements to the outside surfaces in
contact with the cooling water. While
some fuel elements themselves reach
temperatures above 4000 degree F in
the fission process, nuclear scientists can
get only about 600-degree temperatures
out of the fuel elements and into the
surrounding water. This limits the
amount of heat which can be taken from
the fuel.
To use the heat energ\' at the higher
temperatures, a fuel element was built
with the thermionic generator in its
center and a thermoelectric generator
surrounding it. Both methods of con-
verting heat directly to electricity op-
erate on similar principles, but operate
most efficiently at widely divergent tem-
peratures. A thermionic generator op-
erates at about 3500 degrees F — but
will not function efficiently at tempera-
tures below 2700 degrees F. A thermo-
electric unit, on the other hand, does
not operate at such elevated tempera-
tures, but works well in the temperature
range of 600 to 1800 degrees F.
By putting the t\vo t>pes of gener-
ators in tandem, the heat passing
through the thermionic generator flows
through the thermoelectric unit. The
elements are wired in series to give a
combined electrical output over a \tT\
wide temperature range.
NEWS
FLASH
February will be our
annual
OPEN HOUSE
ISSUE
Pictures and stories about
the various departments, a
preview of what you'll be
able to see at
1961
ENGINEERING
OPEN HOUSE
BRAINTEASERS
Edited by
Ernie Frankovich
Nine Men On a Ledge
1. There are nine men on a ledge
overlooking a catarack in a river which
is a thousand feet straight down. Num-
ber 1 is a corporal who desires to re-
gain the head of the column. He can-
not walk on the outside because the
ledge is wide enough for one person
only. The only place where two men
can stand is where there are the out-
cropings of the ledge represented by
the numbers 11, 12. and 13. How is it
to be done in the least possible moves
if each outcroping holds only one man
other than the one standing on the
ledge itself. (See bottom of page 38.)
2. Imagine that you are going to the
South Pole. The points of the compass
are:
S
E W
X
After reaching the Pole, you pass over
it. and turn around. The East is now
to your right-hand side, and West is
on your left hand side. Therefore the
points of the compass are:
SW E
X
which is absurd. What is the explana-
tion?
3. Once upon a time, there was a
king of Siam who collected a tax from
each of his twenty-five provinces. This
tax was sent to the king in bags of gold
coins all of which weighed the same
and contained an equal number of coins.
But the king had a dishonest tax col-
lector in one of the provinces. This per-
son had filed part of the gold ofif of the
coins, but he left the coins on top un-
touched. Because of this, one bag of
gold coins weighed less than the other
twenty-four bags. Can you tell the king
the easiest way of finding the bag which
is lighter. One restriction is that there
is no machine for weighing the bags in-
dividually.
4. Here is another problem about
match stick geometr>-. A regular hexa-
gon can easily be formed by six matches.
But can you take three more matches
and arrange the nine in the form of an-
other six sided figure.
5. It takes a bell at the top of the
tower five seconds to ring six times.
How many seconds would it take to
have the bell ring twelve times.
(Answers on Page 40)
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WHAT HO, WR ATI
5
law !
I UNDERSTAND THAT YOU
HAVE ACCEPTED AN ENG-
INEERING POSITION.
YES, ROGER,THE COMPANY
I'M JOINING- IS A LEADER
IN MANY DIVERSIFIED
FIELDS OF ELECTRONICS
FOR EXAMPLE, THEY ARE
THE LEADERS IN CREATING
AND PRODUCING AIRBORNE
NAV1GATI0N,C0MMUNICATI0N,
INSTRUMENTATION, AND CON-
TROL SYSTEMS.
f, W^;
THEY ARE ALSO VERY BIG IN
THE GROUMD COMMUNICATIONS
DEPARTMENT.
, .PIONEERING
AND PRODUCING SINGLE SIDE-
BAND, TRANSHORIZON AND
MICROWAVE SYSTEMS.
SO THESE ARE THE REASONS,
WRATISLAW, THAT YOU ARE
JOINING COLLINS?
YES,ROGER, THESE AND THE
FACT THAT MY GREAT -AUNT
LEFT ME A IQ-RGGM RANDd
HOUSE NEAR ONE OF THE
COLLINS R£ D LABS.
THE MOST, TO SAY THE LEAST,
HUH, BUDDY?
PEOPLE INVOLVED IN BROAD-
CAST AND AMATEUR RADIO
TELL ME THAT THIS COMPANY
MAKES EQUIPMENT THAT'S,,,
UH...
UKE.ONTHEBALL.IF YOU'LL
PARDON THE PUN.
W \
THEY ARE ALSO LEADERS IN
MISSILE. ELECTRONICS AND
SPACE EXPLORATION. THEY
WERE FIRST TO BOUNCE VOICES,
TELETYPE,WIREPHOTOS,AND 1
DON'T KNOW WHAT ALL, OFF THE
ECHO SATELLITE.
There ore many sound reasons why engineers go to work for Collins. One of the nation's
leading growth companies, Collins offers the young engineer an exceptional opportunity
to advance within the company. Salaries and benefits ore tops in the industry. What's
more, you choose the area of the country in which you would like to work. Reseorch,
development and manufacturing facilities are located in Cedar Rapids, Dallas and Burbank.
Collins likes engineers . . . 20% of its 15,000 employees ore engineers. Collins is in the
business, basically, of selling the products of their imaginative thinking.
Collins would like to discuss your future with you. Write for the free
booklet "A Career with Collins" and ask your placement Counselor
when the Collins representative will be on campus.
CEDAR RAPIDS, IOWA
COLLINS RADIO COMPANY
• DALLAS, TEXAS • BURBANK, CALIFORNIA
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Paul Farbanish (B.S.E.E., Lehigh '58) is a development en-
gineer with design responsibilities for IBM's new solid state
1401 computer system.
5.
HE'S MAPPING NEW WAYS TO BEAT
TRAFFIC JAMS IN LOGICAL SYSTEMS
A computer system must be versatile. The IBM 1401 sys-
tem, for instance, might go to work in a radiation lab, a
stockbrokerage office, an air operations center, a refinery,
or any one of a hundred other places. Demands upon the
individual units of the system will vary widely.
Paul Farbanish analyzes the loads placed on the system by
different applications. One of his assignments is to design
new and alternate ways for data to move from unit to unit
with the greatest speed and reliability.
Like many an engineer at IBM, his responsibility ranges
over a wide technical field. To do his job he has become
familiar with many challenging areas of electronics. Within
the 1401 system alone he dealt with circuits, data flow
control, input-output, storage, etc.
If a young engineer wants to move rapidly into the most
advanced areas of electronics, he would do well to consider
IBM. In the fast-expanding world of data systems and its
many peripheral fields, a man is given all the responsibility
he is able to handle. New ideas and new ways of doing
things are not only welcome but actively encouraged.
The IBM representative will be interviewing on your campus
this year. He will be glad to discuss with you the many chal-
lenging jobs that are open at IBM—whether in development,
research, manufacturing, or programming. Your placement
office will make an appointment for you. Or you may write,
outlining your background and interests, to:
Manager of Technical Employment
IBM Corporation, Dept. 891
590 Madison Avenue
New York 22, New York IBM
You naturally have a better chance to grow with a growth company.
yOi = ab4o>-t>er
Fig. 8. Schematic chain reaction, neutron multiplication factor. K is exactly
equal to one as in nuclear reactor.
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Fig. 9. The principle parts of an atomic reactor.
NUCLEAR POWER . . .
(Continued from Page 11)
lation and the number of fissions per
unit time increase exponentially. (See
Fig. 5). Therefore, if we have a large
enough block of pure L -^^, it is easily
seen that the chain reaction will soon
reach enormous proportions, which final-
ly results in the fission of the entire
block. This is the basis of the atomic
bomb. (See Fig. 6). The size of the
uranium block which is just large
enough that the number of neutrons
leaking out of the surface is less than
the total produced is called the critical
mass. It is also useful to define the multi-
plication factor, k. of a nuclear reac-
tion. K is the number of neutrons avail-
able for fission over the number of neu-
trons required to sustain the chain re-
action at a constant level. In a subcriti-
cal mass, k is less than 1 ; for a self
sustaining chain reaction. k=l, and for
a nuclear explosion, k is bigger than one.
If we consider a block of natural
uranium, we must have a much larger
block to create a sulf-sustaining reaction
because of the dilution by L -^*. Because
the neutrons are very fast when re-
leased by fission, the probability of a
neutron causing fission when it does get
to a U"'" atom is small since it is likely
to bounce off it. Therefore, the only way
that a sustained chain reaction can be
obtained in natural uranium is to mix
the uranium with a light element such
as carbon or hydrogen which acts to
slow down the neutrons and make cer-
tain that when it does get to a U-'^
nucleus, a neutron will cause fission in-
stead of bouncing off. Such a neutron-
slowing material is known as a modera-
tor. A moderator must be made from a
light element, because a heavy nucleus
such as U-^* is not budged by a collid-
ing neutron and so does not take away
any kinetic energy' from the neutron,
which bounces off just as fast as it hits.
A light element nucleus, on the other
hand, is knocked aside by the neutron,
which in turn has its velocin," reduced
due to transfer of kinetic energ>' to the
recoiling nucleus.
It is useful here to introduce the con-
cept of nuclear cross-section, which
measures the probability of scattering,
absorption, or fission by a neutron pass-
ing through a sheet of material. If there
are N nuclei per unit area of the sheet
material, and I neutrons are entering
this unit area per second, and if A nu-
j^A over NI. (See Fig. 7). The unit
of nuclear cross section is the barn.
where one barn is 10""* cm., the ap-
proximate cross-sectional area of a nuc-
leus. The nuclear cross-section can be
broken down into scattering, absorption,
and fission cross sections.
For a material to be useful as a mod-
erator, it must have a high scattering
but a very lo\v absorption cross section.
On the other hand, if we want to con-
trol the chain reaction we must insert
bars of material with ver\' high absorp-
tion cross section into the region of the
reaction. Such materials are boron (750
barns atom) and cadmium (3100
barns atom). Absorption cross sections
are usually smaller for faster neutrons.
By the use of such control rods, which
vary the k of the chain reaction, we can
maintain the power level at any value
we want. ( See Fig. 8 )
.
Any device in which the chain reac-
tion is controlled as above is known as
a nuclear reactor. The essential part-;
of a nuclear reactor are ( a ) Fuel, (
b
Moderator, (c) Control elements, ( d ,i
Reflertor. (e) Coolant, and (f) Shield-
ing. The purpose of the reflector, which
can be a fairly heavy element, or a mod-
erating element, depending on the type
of reactor, is to bounce escaping neu-
trons back into the core, thereby lessen-
ing the amount of uranium necessary to
sustain the chain reaction. The purpose
of the coolant is to carry away the heat
produced by the reactions, and the
purpose of the shielding is to protect the
Personnel in the vicinity from the dead-
ly gamma and neutron radiation flux
I>roduced by the reactor. (See Fig. 9).
Any reactor using natural uranium
will be quite large. However, most re-
actors used for power-production pur-
poses are "enriched ;" that is, additional
U-^' is added to the uranium used in the
reactor. The greater the amount of en-
richment, the smaller the critical size of
the reactor.
If we subject L -^" to neutron bom-
bardment, no fission occurs unless ex-
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rciiK'ly liifili-cnerg},' neutrons, are used,
riiis is because U-^* is an even-even nu-
•licie, whereas U'-'' is even-odd. There-
fore L'-^'' requires a much higher energy
o make it fission than does L - ' '. How-
'\er, U-'"" will capture a slow neutron,
uid be converted into L
-
''' with emis-
;ion of a gamma ray. But the U"'"' is
instable and converts to a new element,
icpliiniuiii, with emission of an electron,
)r beta particle. ^^U"^'"-^-''"""' >
-1
--(":iil'"'''- Plutonium, like U-", is
i.ssionable. Therefore, it is possible to
ictually increase the amount of fission-
ible material in a sample of natural
iranium b)- using it as a fuel in a nu-
rlear reactor. A reactor specifically de-
;igned for production of plutonium
'orm L"-'"' (or fissionable U'-''-' from
horium -2,^2 by the same type of re-
iction ) is known as a breeder reactor,
rhe fissionable materials can be sep-
irated from the used fuel elements by
hemical processes for use elsewhere.
REFERENCES
I. Schwenk and Shannon, Xiirle.ir
Poner Engineering. McCiraw - Hill
IJook Company, New York, 1957.
2. Kaplan, Nuclear Physics, Addison-
^Veslev Publishing Compan\-, Reading,
Mass.," 1955.
3. Friedlander and Kennedy, Xiidenr
md R/idiocfie/iiistry. John Wile\- and
^ons. New York, 1955.
4. Hausner and Roboff, Mtiterials for
\ucle(ir Pmcer Reactors, Reinhold Pub-
ishing Corp., New York, 1915.
Seats Walking
A new word has been brought to
light on the U. of I. campus
—
"Illi-
3US.'
"lUi-bus," the beginning of a trans-
Dortation system at the University, cir-
:les the campus from 7:15 a.m. to 5:20
p.m. daily with a five-cent a ride shut-
tle service stopping at major buildings
md residence halls. The bus sevice
segan its trial period on Monday, No-
I'ember 14.
According to H. O. Farber, vice
president and comptroller of the Uni-
versity, this sort of transportation sys-
tem fulfills a need at the University'
u-hich has been growing for several
vears and which in the future would
have been much more severe.
Gas Turbine Engine X-Rayed
I A Kodak exhibit, at the 42nd Na-
tional Metals in Philadelphia, Pa., fea-
tured a 4x8 foot radiograph of a com-
lete gas turbine engine to illustrate
holography's usefulness to industry.
The radiograph was made on Kodak
Industrial x-ray film with a million \olt
li-ray machine at Strong Memorial Ho.-
;iitai in Rochester, N. Y. It is the
firgest radiograph ever processed in this
.ay, Kodak engineers said.
Skimming
Industrial
Headlines
Edited by Wally Cwik
Right Down The Middle
Electro Lane, an experimental device
that visibly or audibly warns a motorist
when he's too close to the pavement
edge or centerline, will be put to prac-
tical use at General Motors Proving
Grounds.
This will he its first realistic test on
\ehicles using (jM Proving Grounds'
four mile Ride an<l Handling Loop
which resembles a conventional two-
line highway.
How Much?
A million feet of high quality stain-
less steel tubing will aid in trapping en-
ergy-generating heat otherwise destined
to be wasted in the Columbia River as
cooling water from a Richland, Wash.,
plutonium-making plant.
About 200 miles of stainless steel tub-
ing will go into the 10 steam generating
units now being made by Combustion
Engineering, Inc., at its Chattanooga,
Tenn. Division. The 10 units will trans-
fer waste water heat to steam.
Copistrano for the Birds
Engineers installing gate guides ;uul
sealers in the high spillway bays of Ice
Harbor Dam, are looking for a way to
send the swallows back to Capistrano.
Thousands of birds find the concrete
for the gate mechanisms ideal for their
m\id huts.
It's a fact: If you drink a gallon of
milk a month for 1200 months, you'll
live to a hundred vears old.
New Reactor
riie Uni\ersit> ot Illinois has recent-
h' dedicated a nuclear reactor unique in
combination of safety and capability for
"pidsed" operation to one billion watts
power.
The reactor is planned strictK for
teaching and research in nuclear engi-
neering and physics and to provide ir-
radiation f;iciliries usable by many fields.
Fuel elements are of self-limiting de-
sign so that whenever output rises above
normal it is automatically cut back.
Normal output is 100,000 watts.
Through "pulsing" this mav jump to
1,IH)(),01IO,(I()0 watts for fraction of a
second "bursts.
"
This will give the university avail-
abilitv' efifect for man\' purposes of a far
bigger and tremendously more expensive
machine.
Building and reactor represent a
$400,000 investment by Atomic Energy
Commission and University of Illinois.
The reactor is known as the "TRIGA"
type and was built by General Atomic
Division of General Dynamics Corp.
New instrumentation and special fuel
elements will be installed for pulsing.
AKC approval will be requested ,ifter
the machine is thoroughh' tested in con-
ventional operation. It has been func-
tioning since midsummer.
Nuclear fission takes place under 16
feet of demineralized water in an alum-
inum-lined concrete tank 22 feet tall
and 6;/j feet in inside diameter. Con-
crete walls are 7;/> feet thick for bot-
(Conliniicd on Page 38)
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EXECUTIVE OPENINGS FOR YOU
From Pole by Executive Manpower Corporation
The demand for executives to fill
jobs paying SI 0,01 HI or more yearly with
medium-sized companies will continue
to hold up during the second half of
1960, according to a nation-wide survey
of 191 firms averaging annual sales of
$12.3 million.
The poll shows a need for slightly
over one executive per finii, just about
the same ratio as was determined in an
earlier (January, 1960) survey of medi-
um-sized companies. Both were conduct-
ed by Executive Manpower Corpora-
tion, New York management recruit-
ment firm.
The need for i/i/cs chiefs is leveling
off slightly, although they are still most
wanted (30.3',' of top jobs vs. 37.1
'^'f
last time). The most impressive climb,
howe\er, was in the category of manu-
facturing production executives, who
rose to second place with a 22.9*^^ de-
mand, up from a 15.6""; tally registered
in the previous count. Engineering exec-
utives although now in third position,
still reflected about the same strength
as six months previouslv (22.4% vs.
21.9^;).
It appears that moderate size firms
are now quite optimistic and expect to
place more emphasis on production for
the next six months. This confidence
could mean a definite upturn in the
overall business picture.
Two other categories, financial man-
agement (10.3% vs. 9.4%) and mar-
keting/advertising management (7.9%
vs. 8.4% ) maintained the same relative
positions as before.
How well will these positions pay?
The o\er\vhelming majoritv (86.4%)
will offer between SI 0,000 and S20,000
a year, about the same as shown in the
first survev. A solid 13.1'~> of the open-
ings will pay from $20,000 to $40,000.
Most of these upper-echelon jobs
(56.25%) will be newly created, re-
flecting the nation's continued business
expansion. In the last poll, however, a
greater percentage, 69%, of the jobs
were new openings rather than replace-
ments.
When asked how many S10,000-and-
up executives during the past year were
hired from outside the company, re-
spondents estimated 42.3'^; fell into this
category, down slightly from a total of
50.5% registered in the January survey.
The most favored method of finding
executives was IF i t h i n company
(32.2%), followed by Personal recom-
mendation (22.5%), and Advertise
(15.9%). Next in line were Em'ploy-
ment agency (13.7%) and ^Management
recruiter (8%) categories, with some
6.1% admitting they Hire from com-
petitor. This order of preference was
the same as that in the last poll, but
that the first two categories were up
slightly, possibly reflecting the efi'ect of
more companies operating management
development programs as opposed to six
months ago. This time 36% of the
firms listed such programs, against a
total of 30.8^7 in January.
Companies themselves felt that execu-
tive engineers (39.5%) would be hard-
est to find, with sales (31.2%) and
m'anufacturing production specialists
( 17.2% ) next toughest. Six months ago,
sales (34%) placements presented the
greatest problem, they believed, with
engineers (28%) and manufacturing
people (19.8%) next in line.
What's the favorite method of execu-
ti\e compensation ? Salary plus bonus
was first with 99 mentions, followed by
Straight salary (74 mentions), and Sal-
ary plus merit raise (37 mentions), all
holding the same position as before.
Fourth place in this category was
taken over by Salary plus stock option
(28 mentions), displacing Salary plus
commission or override (19 mentions).
Trailing was Salary plus deferred pay-
ment, with 12 mentions. Several firms
noted they paid executives through com-
binations of the various methods.
Estimated average age of company
top executives showed no discernible
change from before. Ages 45 to 50 ac-
counted for 61.7% of the total, with
ages 40 and 55 each tied with 15.3%
of the accounting. Age 60 showed few
(4.5% ) companies in that category, and
e\en fewer now being run by executives
averaging ages either 35 (1.7%) or 65
(i.k;).
Slightly over one third (34^^^ of
the medium-sized firms have a manda-
tory retirement age for top men, a mod-
erate drop from last time, when 38. K;
fell into this category. Of those that did
set a retirement age, the most popular
was age 65, with 75% in this bracket.
Leading the respondents to the ques-
tionnaire were companies in Fabricated
metal products (45), followed by Ma-
chinery, except electrical (27), Utility
(10), Stone, clay and glass (9), and
Electrical machinery and Electronics
(both 8). Printing and publishing and
Transportation equipment were tied
with 7 returns each.
In answer to the question, "Do you
have any unusual difficulties in recruit-
ing executives?", sample comments were
as follows, first comment, then sales
volume
:
"We make all our own executives."
51,750,000.
"Few men wish to enter employ of
a medium size company." $2,500,000.
"Operate in small town. Executives
wives often object." $3,000,000.
"Located in rural area—difficult to
get top talent to relocate here." $3,500,-
000.
"Find difficulties in hiring executives
or managers to work in southern subsidi-
an- companies." S3, 500,000.
"You are assuming that no executive
earns less than $10,000 per year—'L'to-
pian ccmpanv,' I would sav." $4,500,-
000.
"Engineering executives with creative
abilitv plus experience in our field." $5,-
000,000.
"We promote from within always
and since family owned have some trou-
ble with nepotism." $5,500,000.
"Our standards are so high, it's dif-
ficult to find men of calibre wanted."
$6,500,000.
"Difficulty
. . . getting right man in-
terested in living in town of 1300."
$7,000,000.
"It is done by a board of directors
comprised of workers from the plant.
We are a so-called worker owned co-
op." $7,000,000.
"No
—
wc began training successful
salesmen for executive positions five
years ago." $8,000,000.
"Yes—for top notch jobs—must use
recruiter." 512,000,000.
"Severe shortage of technical help.
Combination of technical-executive cap-
abilities are practicallv non-existent."
512,000,000.
"Always difficult to find able execu-
tives who will fit into our organization."
$16,000,000.
The survey was mailed to 1,986 com-
panies, and the response of 9.6% was
the highest yet among the four such sur-
veys conducted by EMC, which now
polls both large and smaller companies
twice yearly.
Replies to the survey came from 35
states. Most responsive states were Ohio,
with 23 returns. Illinois with 22, New
York, 18, and Michigan, 16. Next were
Pennsylvania (14), California (13),
Indiana and Massachusetts (each un'th
8 returns), and Texas (7).
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The TOP name in missile
inertiai guidance—AC
THE ELECTRONICS DIVISION
OF GENERAL MOTORS,
is seeking top talent
EARTH
ACCELEROMETERS
EU
LAT ITU
AC has immediate, permanent positions in Milwaukee, Los Angeles, Boston
and Flint. If you have a BS, MS or PhD degree in EE, Physics, Moth or ME,
you may qualify for one of the positions.
You can find challenge and opportunity for advancement at AC where
you will work on such inertiai guidance projects as MACE, THOR,
POLARIS, the ultra-sophisticated TITAN system and complex Bombing
Navigation Systems, and even manned space vehicle guidance.
AC and GM will assist your career progress through graduate study at
universities in nearby locations. In addition, you will have the opportunity
to take exclusive on-the-job course work on the advanced state of the art.
These training programs are now available in Milwaukee:
ENGINEERING PROGRAM— For engineers whose career aim Is
design and development of inertiai guidance equipment. All Junior
Engineers will enter this six-month training program with formalized, half-
day classroom instruction. This instruction will be in conjunction with
rotating job assignments of two-month duration. These assignments, in
Manufacturing, Reliability and Engineering areas, will provide a smooth
transition from academic learning to career development.
FIELD SERVICE PROGRAM— Formalized two to four month class-
room training on missile inertiai systems and bombing navigation systems.
After completion of training program, assignments will be made to domestic
and foreign sites.
Contact your placement officer regarding GM interviews.
Technical Honorary Society Program Chairman: If your society
would be interested in a technical presentation on inertiai guidance, we
would like to work with you to plan such a presentation. Contact Mr. R. E.
Allen, AC Spark Plug, Milwaukee 1, Wisconsin.
AC SPARK PLUG
THE ELECTRONICS DIVISION
OF GENERAL MOTORS
MILWAUKEE 1, WISCONSIN . lOS ANGELES, CALIFORNIA • FLINT, MICHIGAN . BOSTON, MASS.
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DRESDEN NUCLEAR
POWER STATION
Electricity is produced at Dresden Nuclear Power Station by this
1 1 1 -foot-long turbine generator. The General Electric unit has a net
capability of 180,000 kilowatts—enough electricity to supply the
needs of a city of more than 200,000 population. The turbine-generator
is driven by steam from Dresden's dual-cycle boiling water reactor.
More on Page 40 . . .
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AFUTURE
FOR
If you are graduating with outstanding scho-
lastic achievement in engineering or the
physical sciences, Sandia Corporation has an
Interest in your future.
At Sandia, you would work in research,
design and development, or engineering. Our
research engineers and scientists ore cur-
rently engaged in projects in the fields of
solid state physics, magnetohydrodynamics,
materials research, explosives technology,
pulse phenomena and radiation damage.
You would work in a modern well-equipped
$60 million laboratory and be associated
with some of this nation's outstanding tech-
nical personnel. You would receive liberal
benefits whch, in addition to insurance, re-
tirement and vacation, include an oppor-
tunity for graduate study.
You would be employed in sunny, dry Albu-
querque, a Southwestern cultural center of
over 200,000, or in our laboratory at Liver-
more, California, with all the advantages of
the San Francisco Bay area.
AT SANDIA
At All Degree Levels
ELECTRICAL AND
MECHANICAL ENGINEERS
At MS and PhD Levels
CHEMICAL ENGINEERS
CERAMICISTS
CERAMIC ENGINEERS
PHYSICISTS
METALLURGISTS
METALLURGICAL ENGINEERS
INDUSTRIAL ENGINEERS
MATHEMATICIANS
STATISTICIANS
PHYSICAL CHEMISTS
ENGINEERING PHYSICISTS
AERONAUTICAL ENGINEERS
TECHNICAL WRITERS
Sandia Corporation is a member of the Bell
System whose team of recruiters will be on
your campus soon. For dotes and appoint-
ment for interview, see your College Place-
ment Officer, now.
INIDI/\
CORPORATION
ALBUQUERQUE. NEW MEXICO
LIVERMORE, CALIFORNIA^
I
4
I
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NEW REACTOR . . .
(Continued from Page 33)
tom 12 feet of the tank and 3 feet thick
above this.
Radiation beams can be brought out
of the machine through several ports
normallv closed by long safety plugs
and locked doors.
A 4-foot square opening filled with
graphite 5 ' 2 feet thick to produce slow
neutrons is accessible through a big con-
crete door which would be a credit to
any bank vault.
Specimens to be irradiated can be in-
serted through these openings, through
a special device from top of the tank, or
through a pneumatic tube system similar
to that used to carr\' messages or handle
change in large stores.
The machine occupies a self-con-
tained new windowless laborator>- near
the university's Physics building and
other engineering facilities. Control
panel is in a room at one end of the
building.
The laboraton,- has many safety pre-
cautions such as special air filtration,
waste handling, and other features to
prevent danger of contamination to per-
sons or surrounding activities.
The reactor is a major facility to train
graduate students in nuclear engineer-
ing and physics and for research in these
fields. Its radiation facilities will be
utilized also by chemistry-, biological sci-
ences, agriculture, and industry.
Among activities being considered are
short courses for engineers and other
scientists to acquaint them with nuclear
work.
Prof. Ross J. Martin, director, U. of
I. Engineering Experiment Station, is
chairman of the interdepartmental nu-
clear engineering program. Prof. ^lar-
vin Wyman, physicist and nuclear en-
gineer, is directly responsible for use of
the reactor.
The machine is licensed by the AEC
and operated under supervision of Ger-
ald Beck, nuclear engineer. Paul R.
Hesselmann, reactor health physicist, is
in charge of radiation safety.
A Word About ..
.
ELECTRICAL
ENGINEERING
at ILLINOIS
Electrical Engineering is designed to
prepare men to fill responsible engineer-
ing positions in research, development,
operation, sales, and administration in
the fields of electronics, commimications,
power, and illumination.
Fundamental to the curriculum is the
basic preparation in the fields of mathe-
matics, physics, and chemistr\- which is
acquired during the freshman and sopho-
more years. Actual work in the Elec-
trical Engineering Department is initi-
ated with a basic course in electrical and
magnetic field theory and simple circuit
analysis at the beginning of the junior
year.
Following completion of this basic
course comes AC circuit analysis, a
further study of electrical and magnetic
fields, and an introduction into the elec-
tron properties of solids. During the
second semester of the junior year the
EE student takes courses in basic elec-
tronics, magnetic circuits and transform-
ers, transmission line theor^•, and fur-
ther studies of AC circuits. At the be-
ginning of the senior year the electri-
cal engineering student completes the
required courses of the curriculum by
studying advanced electronics, electrical
machinery', and engineering economics.
In the last semester the student is al-
lowed to specialize in the field of his
particular interest by selecting courses
pertaining to that field. The special
fields of interest are electronics, power,
communications, computers, and nuclear
engineering. The student may elect to
take courses preparatory for graduate
school if he plans to further continue
his education.
The Electrical Engineering Building
has well equipped laboratories for ex-
perimental solution of the problems aris-
ing in the various field of specialization.
Provision is also made for graduate re-
search in the fields of electronics, an-
tennas and fields, ultrasonics, power
and generation, transmission and distri-
bution.
The curriculum is rather rigid for
the average student; however, for stu-
dents who show exceptional ability and
interest and who present an integrated
program of study, opportunities to do
individual work, particularly of an in-
vestigational nature, are provided in
both the third and fourth years. Al-
though the curriculum specifies the re-
quirements for a degree, these students
may pursue a program, if approved, fit-
ted to their particular needs.
a^^
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For the man
who likes to make
his own
career decisions
The Allis-Chalmers Graduate Training Course
is based on freedom of opportunity. You will
have up to two years of practical training to
find the right spot for yourself. At the same
time, you enjoy a steady income. You can ac-
cept a permanent position at any time — when-
ever you can show you are ready.
You help plan your own program, working
with experienced engineers, many of them grad-
uates of the program. Your choice of fields is
as broad as industry itself— for Allis-Chalmers
supplies equipment serving numerous growth
industries.
A unique aspect of the course is its flexibility.
You may start out with a specific field in mind,
then discover that your interests and talents lie
in another direction. You have the freedom to
change your plans at any time while on the
course.
Types of jobs: Reseorch • Design • Development • Manufac-
turing • Application • Soles • Service.
Industries: Agriculture • Cement • Chemical • Construction •
Electric Power • Nuclear Power • Paper • Petroleum • Steel.
Equipment: Steam Turbines • Hydraulic Turbines • Switchgeor
• Tronsformers • Electronics • Reoctors • Kilns • Crushers •
Troctors • Earth Movers • Motors • Control • Pumps • Engines:
Diesel, Gas.
Freedom of Opportunity opens the doors to chal-
lenging and interesting careers. Among them is
our Nuclear Power Division, with an engineering
staff in Washington, D. C, a new research and
development center in Greendale. Wis., and an
important research effort at Princeton University
involving power from the hydrogen atom. For de-
tails on the opportunities available, write to Allis-
Chalmers, Graduate Training Section, Milwaukee
1, Wisconsin.
A-1192
ALLIS-CHALMERS <A^
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"BIGGER THAN THE AVERAGE
REACTOR VESSEL"
Technicians at Dresden Nuclear Power Station are shown bolt-
ing the 50-ton head to the reactor vessel before the initial start-up
of the reactor, inside the vessel is a core loading of uranium fuel
valued at about $15,000,000. Weighing less than 65 tons, the initial
loading will produce as much electricity as 2,000,000 tons of coal.
Since Dresden has been in regular operation the reactor has to be
covered with 25 feet of water to provide shielding for fuel re-
newals.
GO TO PAGE 28-
GO DIRECTLY TO
PAGE 28, DO
NOT PASS GO,
DO NOT
COLLECT $200
SOLUTIONS:
1. Let the men move in the follow-
ing order: 2-10, 3-9, 4-8, 5-13, 6-7, 7-6,
8-5, 9-4, 1-11. 9-1, 8-2. 1-2, 7-11. 6-3,
5-4, 1-11, 4-12, 3-5, 2-6, 1-10, 2-9, 3-8,
4-7, 5-6, 6-5, 7-4, 8-3, 9-2 and the cor-
poral is in his place in 28 moves. The
first number in a move is that of a man,
and the second number that of his new
position, the places being numbered 1
to 10 in the row, and the outcropings
11 to 13 below.
2. If West and East were stationary
points, and West, as at present, on your
right when advancing towards the
South, and after turning around. West
would be on your left as stated. But
W. and E. are directions round the
globe ; so wherever you stand facing
South, you will have the W. direction
on your right and the E. direction on
your left.
3. By taking an analytical balance,
set nine bags on each platform. If they
are equal in weight, the lighter bag must
be in the pile of seven bags which are
not on the scales. Therefore it is simple
to find the lighter bag by dividing up
the seven bags into groups of two, two,
and three in two more weighings. You
also get two more weighings if the
lighter bag is one of the two sets of nine
bags. This can be done by division of
the nine bags into three groups of three
each, and then the group of three which
contains the lighter bag can be divided
into three groups of one each. Thus
there is a total number ot three weight-
ings.
4. Form
matches.
a cube with the nine
5. It would take eleven seconds. The
time factor enters into the problem as
the time between the rings of the bell.
This can be solved graphically as: 1-1-1-
1-1-1-1-1-1-1-1-1 where the I's repre-
sent the ringing of the bell and the -s
represent the time interval of a second
each.
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A Word About...
MECHANICAL
ENGINEERING
of tbi
UNIVERSITY OF ILLINOIS
Highly ranked among the various en-
Srineering departments on our campus is
that of Mechanical Engineering. This
department deals primarily with power
generation, machine design, transporta-
tion, some phases of manufacturing and
even encompasses the application of nu-
clear energ\-. In short, is concerned with
power and the machines that produce
it. This curriculum lays a great deal of
emphasis on the engineering and eco-
nomic principles of machine operation,
performance and construction.
Facilities available to those in this
curriculum are excellent, and. in some
respects, \irtually unparalleled. They
include refrigeration units, air com-
pressors, heating units, pumps, fans and
other cooling and air conditioning equip-
ment. One of the more outstanding ma-
chines being a General Electric educa-
tional unit ; consisting of boilers, tur-
bines and generators. This entire as-
sembly can easily simulate the entire
operation of a central station electric
power plant.
An ultra-modern metal processing
laborator\-, containing quite a sufficient
number of basic dynamometer-equipped
machine tools and other related instru-
mentation, is also available for the
study of the physical science of metal
.cutting and formation. Adjacent to this
|are also other related research facilities,
including strain gauge amplifiers and
irecording apparatus and various types
of oscilloscopes for the study of transi-
ent phenomena in metal cutting.
I
Through experimentation in the heat
treatment laboratory-, the effects of
heat treatment upon the internal mo-
lecular structure and the physical prop-
erties of metals may be demonstrated.
Such facilities as small heating furnaces,
microscopes, and testing machines, in
co-ordination with accessor)- equipment,
provides the opportunity for the stu-
dent to gain a solid understanding of
the theory- and proper applications of
metallic materials in industrial use.
The machine design laboratory en-
ables the pupil to learn through demon-
stration the importance of good ma-
chine designs and the properties of vari-
ous materials, types of loading, and ex-
isting stress on the design of different
machine types. Some of the equipment
in this laboratory includes photoelastic
apparatus, vibration tables, and demon-
stration equipment to aid in the visual-
ization of the phenomena encountered
in machine parts under the conditions
encountered in actual operation.
The internal combustion laboratory
in the Mechanical Engineering Build-
ing is one of the most modern in the
world. It contains many types of gaso-
line and diesel engines for performance
testing and also an air-cooled aircraft
engine. This unit permits the changing
of intake and exhaust pressures to simu-
late altitude conditions from one thous-
and feet below to twenty thousand feet
above sea level and the temperatures
can be varied from forty degrees below
zero to one hundred and fifty degrees
above it.
Other interesting features of this lab-
oratory include two test engines, one
spark ignited and one a diesel. on which
the compression ratios may be varied
while they are in operation. These units
are used primarily to determine octane
ratings in different fuels and are in-
corporated in undergraduate work.
Proud of your School?
A.W.FABER
CASTELL
helps the hand that
shapes the future
#9000 Castell Pencil
with world's finest
natural graphite that
tests out at more than
99Tc pure carbon.
Exclusive microlette
mills process this
graphite into a drawing
lead that lays dowTi
graphite-saturated,
non-feathering lines of
intense opacity. Extra
strong to take needle-
point sharpness without
breaking or feathering.
Smooth, lOOTt grit-
free, consistently
uniform, 8B to lOH.
-9800 SG LOCKTITE
Tel-A-Gr.\de Holder,
perfectly balanced,
lightweight, with new
no-slip functional grip.
Relieves finger fatigue.
Unique degree
indicating device.
#9030 imported Refill
Leads, matching
exactly #9000 pencil
in quality and grading,
7B to lOH, packed in
reusable plastic tube
with gold cap.
A man advancing in
his career just
naturally gravitates to
Castell, world's finest
drawing pencil. You'll
be wise to begin now.
A.W.FABER - CASTELL
Pencil Co., Inc., Newark 3, N. J.
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Daylight Projection
Military pilots will be able to watch
radar screens in bright daylight right
in the cockpit, as a result of a new
Kodak surfacing material for projection
screens. In special applications the new
surface gives a brightness gain of sev-
eral hundred times over the usual bead-
ed screens.
The new material is a film base em-
bossed with 1,000,000 lenses, mirrors,
or prisms per square inch, coated with
a highly reflective alumnized layer. Pos-
sible applications include projection of
television images or data displays for
air weapons systems.
Pictures with excellent highlight
brightness have been obtained in air-
craft flight simulators on an experi-
mental basis with a small cathode ray
tube projector.
In actual flight, cathode ray tube
displays that now require darkness for
viewing might be projected on a screen
in full daylight view of the pilot. Be-
cause of the selectiveness of the system,
which depends for brightness on the
position of the observer, images from
separate projectors can be shown on the
same screen. The images are viewed
individually by the pilot and co-pilot
from different angles.
The type of optical element used in
the surfacing material can be chosen to
broaden or narrow the audience space.
The narrower the audience space —
the space limited by the positions where
the screen image can be seen — the
brighter the image.
Several images may be projected on
the screen simultaneously and each
viewer will see from his position only
those intended for him.
There will be no conflict or disturb-
ance of the images. Light from outside
sources is concentrated by the screen
in audience spaces away from the ob-
server's position.
Trouble At 19th Hole
Developers of a countiy club near
Seneca, !VId., planned a three million
dollar golfers' paradise, 18 holes in roll-
ing countryside showers, lockers and an
amply stocked 19th hole. Then disaster
struck. The builders discovered their
site sits 200 feet inside a dry election
district.
Photographs Cosmic Ray
Tracks
Westinghouse Electric Corporation's
new Astracon light amplifier tube has
been employed by company scientists to
photograph the faint tracks produced
when cosmic rays penetrate a solid crys-
tal.
The cameras used to photograph these
high-energy particles are among the
newest tools of nuclear physics.
-J
REFRIGERA TING
ENGINEERS
Have more than doubled the capacity of
synthetic rubber reactors with an improved
and patented cooling system—one of many
Frick developments of vital interest to de-
fense, to industry, and to business.
When you take the Frick Graduate Training
Course you enter a growth program, with ex-
cellent pay and exceptional opportunities.
Get full details today from your College
Placement Office or from
FRICK COMPANY
ESTABLISHED 18S3
Waynesboro, Pennsylvania
SOLAR ACTIVITY . . .
(Continued from Page 8)
he marred by static. Short wave radio
signals completely fade out, teletype and
land lines are badly interrupted by gar-
bled transmission, and even telephone
communication can be affected.
Ordinarily this "roof" of ionized air
will reflect broadcast waves in the regu-
lar shortwave frequencies from 4 to 30
megacycles, but when the sun really acts
up, the range that will be reflected will
increase up to 60 megacycles. This is
well within the range of channels two
and three of a television set. This inter-
ference will occiu" mostly during the
daytime at which time the layers of the
ionized air are exposed to the sun.
When a local television station broad-
casts a signal, there are two possible
ways that the signal can be received.
The first is the beam that mo\-es straight
from the broad cast tower to the pickup
antenna. The second, is the wave that
moves upward and then bounces back to
earth from an ionized atmospheric layer.
This beam continues to be reflected from
the earth to the layer thus making pos-
sible the reception all over the world.
Greater interference is expected in the
lower numbered channels. !VIany foreign
countries including Mexico, Puerto
Rico, Britain. Belgium, Germany, Spa'n,
Switzerland, Brazil and Argentina, tele-
vise programs in this low range that may
be picked up here in the U.S. when the
atmospheric conditions are right. Some
experts claim that the interference will
become a real nuisance to television
viewers in the U. S. especially those in
the fringe areas.
As for television, Edward W. Allen,
expert in radio and television, said,
"Watching a low-numbered channel
regularly for the next few years might
yield glimpses of far-off, perhaps for-
eign, broadcasts for a total of only a
few hours." Commercial A.M. and
F.M. stations will not be affected.
The F.C.C. (Federal Communica-
tion Commission) had been preparing
mobile operators for the onslaught of
interference by alloting safer frequen-
cies to the more important mobile oper-
ations.
THE BIG TASK
The colonel was lecturing a class of
ROTC students. "A 40-foot flagpole
has fallen down," he said. "You have a
sergeant and a squad of men. How do
you erect the flagpole again?"
The students thought, then made sug-
gestions about block and tackle, der-
ricks and so on.
"You're all wrong," said the colonel.
"You'd say, 'Sergeant, get the flagpole
up.
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Biggest thirst in the universe
Each 6,000,000 pound thrust rocket ship now being planned for manned
interplanetary exploration will gulp as much propellant as the entire capac-
ity of a 170 passenger DC-8 Jetliner in less than 4 seconds! It will consume
1 ,140 tons in the rocket's approximately 2 minutes of burning time. Required
to carry this vast quantity of propellant will be tanks tall as 8 story buildings,
strong enough to withstand tremendous G forces, yet of minimum weight.
Douglas is especially qualified to build giant-sized space ships of this type
because of familiarity with every structural and environmental problem
involved. This has been gained through 18 years of experience in producing
missile and space systems. We are seeking qualified engineers and scien-
tists to aid us in these and other projects. Write to C. C. LaVene, Box 600-M,
Douglas Aircraft Company, Santa Monica, California.
Dr. Henry Ponsford, Chief, Structures Section, discusses valve and
fuel flow requirements for space vehicles with
Donald W. Douglas, Jr., President of DOUGLAS
MISSILE AND SPACE SYSTEMS MILITARY AIRCRAFT DC-8 JETLINERS CARGO TRANSPORTS AIRCOMB* GROUND SUPPORT EQUIPMENT
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A Tasty Mixer: Psychology
(Precis)
What'll \ou have? Bourbon. Scotch,
Canadian, Blended whiskey? Be careful
how you answer that one. An inde-
pendent Research Company has found
that the kind of drink you order may
be a clue to your personality.
A series of interviews in depth by
Marplan Corporation showed that
there's much more to drinking than
just elbow bending. What you tell the
bartender may be a giveaway as to your
economic status, your degree of taste,
the way you see yourself and the wa\"
others see you
!
Take Bourbon, for example ( and
maybe you'd like to). The survey found
that the Bourbon drinker sees himself
honestly and knows what he likes. (Al-
though some Bourbon drinkers simply
want to appear this way. ) What are
they really like?—straightforward, mas-
culine, easygoing, sociable, comfortably
upper middle class in outlook and in-
come, and without strong need to in-
flate their ego or to aspire for high
status and prestige.
Scotch and Canadian users regard
themselves as cultured and sophisticated,
but some nonusers view them as socip.l
climbers and "pretentious people trying
to make an impression." Actually these
tipplers value the nonconventional, and
don't want to do what everyone else
does. They seek a "sense of superiority
to the crowd, a feeling of originality and
difference."
If you're a blend user, you may have
this image of yourself—a person who
just wants a good drink, and is not out
to make a big impression ; easy to satisfx',
and not over-particidar. Xonusers may
regard you as a social drinker and not
a "real" drinker, or as a "beginner"
who may some day graduate to a more
sophisticated whiskey. Researchers found
that the average blend user tends to
Fafnir Ball Bearings help turbojets
set new performance records
A recent article in a leading newspaper quoted
airline executives to the effect that Pratt and
Whitney Aircraft jet engines are proving to be
the most reliable ever put into commercial
planes.
In designing these jet engines, Pratt &
Whitney Aircraft looked to The Fafnir Bearing
Company as a major source for main rotor
thrust bearings, generally regarded as among
the critical engine components, and one of the
most exacting to produce. Each ball bearing is
custom-built and rigorously tested. Tolerances
are held to the millionths-of-an-inch.
P&WA turned to Fafnir because of Fafnir's
long experience in the design and development
of aircraft bearings. Fafnir established an air-
craft division thirty years ago, the first in the
industry, and through it, is keeping pace with
the revolutionary changes in aircraft design.
To help solve this and other ball bearing
problems, Fafnir maintains the most up-to-date
facilities for metallurgical research, and bear-
ing development and testing. Fafnir may be
able to help you some day. Worth bearing in
mind. The Fafnir Bearing Company, New
Britain, Connecticut.
FAFNIR
BALL BEARINGS
Most Complete Line in America
be down-to-earth, unconcerned with ap-
pearing cultivated, impulsive, emotional,
direct, conventional, and opposed to
snobbery and fuss.
Whiskey Ratings
Those interviewed rated domestic
blends as the least e.xpensive and most
ordinary, while Scotch and Canadian
were deemed expensive, distinctive, and
favored by aristocratic types. Bourbon
was generally recognized and respected,
even by nonusers, as a quality whiskey,
aged, pure, refined, possessing "charac-
ter. " The prestige involved in drinking
bourbon seemed to stem as much from
knowing whiskey and knowing what
you want in a liquor as from having
the money to buy it.
Nonblend users tended to feel su-
perior to blend drinkers, but they dis-
agree among themselves on the relative
merits of Bourbon vs. Scotch and Cana-
dian. Users of the imported whiskies
think of Bourbon as heavy. Bourbon-
ites counter by describing their favorite
drink as "rich-tasting," "mellow and
smooth," "the mellowest of any type
of whiskey," has a flavor that you don't
have to "learn to like." Canadian users
prefer the mild, neutraal tast of Cana-
dian, sometimes disparaging the "medic-
inal" taste of Scotch. Scotch drinkers
plump for the "special" taste of their
brew.
Ladies' Choice
This may start a small war but, ac-
cording to the survey, women who drink
blends are "quite fearful about drink-
ing, as if they were little girls who
shouldn't really drink. More than any
other group studied, they cover up and
disguise their liquor." And if they gen-
erally steer away from Scotch, it is
because Scotch is considered a man's
drink.
They are associated in the public mind
with Canadian, because it is thought
mild enough fo thei tastes. The female
Boubonite tends to cultivate femininity
and enjo\' life moe than the female
blend dinker "who is more conflicted
emotionally." Her drinking is "less im-
pulsive, and it takes place at specific
times and on acceptable occasions."
Man or woman, next time you fre-
quent your favorite bar, cocktail lounge,
or restaurant, give that glass a .second
look—it ma\ he the one in which you
see vourselt reflected !
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An important part of your future is
being shaped right now by a man you
probably don't even know.
Sitting over a drafting board in his
office near you, he embodies a unique
combination of talents. Part artist, part
engineer, professional counselor, and
businessman, he is the architect— the
man who is reshaping America on a
scale never before undertaken in this
or any other nation's history.
In every era of American history, one
profession has tended to dominate the
course of public life. When the Pil-
grims landed, it was the ministry which
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gave the early settlers the spiritual
strength and courage they needed to
conquer nature, disease, and hostile na-
tives. Later, when the .settlers grew into
colonies, the lawyers established the
political and judicial structure through
which our nation took form. Still later,
it was the financier who developed the
nation's industry, transportation, aiui
far-flung communications systems.
Today, in mid - twentieth - century
America, a clear case can be made that
we have moved into the age of the
architect. Consider these facts: Con-
struction is the single biggest industry
in the country today— bigger than
farming, bigger than automobile produc-
tion, bigger, even, than defense. Last
year it topped $50 billion. Within the
next decade we are expected to spend
the staggering sum of 5600 billion on
construction— more than the worth of
ill the existing buildings in the nation.
.And. within tiie next 40 years, ccon-
onu'sts predict conservatively that we
will have to duplicate every single
building in the L'nited States— in
effect, build a second America to house
a population which will double in that
time.
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The architect is the leader of Amer-
ica's building team. In the language of
the dictionary, he is the "master build-
see to it that we live work. play, and
designs . . . draws up specifications for
buildings" and super\ises thei constuc-
tion. The achitect's responsibilit\- is to
see to it that we hie. work. play, and
worship in a well-planned, satisfying,
and productive physical framework. The
basic principles of architecture have re-
mained unchangeed since antiquity. But
the ways of building, the needs of mod-
ern life, and the scale on which building
must be planned have changed to a
degree which has vastly broadened the
architect's practice and the knowledge
which he must assimilate to create arch-
itecture.
Perhaps the simplest possible descrip-
tion of architecture is that it is the pro-
fessional use of space. More accurately,
it is the design of various kinds of spaces.
For example, the arrangement of spaces
inside a well-designed house keeps chil-
dren from running across the living
spaces of adults. Noisy living spaces are
separated from quiet sleeping spaces. In
a school, well-planned spaces provide
the best education for the tax dollar.
The spaces inside a r^ood business build-
ing aid production effiiciency by keeping
the product or kev document moving
in a straight work-flow line.
Architecture is also the design of out
side spaces; the way a house is situated
on a lot to let in light without unwanted
heat and glare, and provide privacy from
the neighbors. It is also the way these
spaces are related to each other to fomi
a neighborhood and the way neighbor-
hoods are related to form a community.
The spaces betueen spaces are impor-
tant, too
;
good planning enhances prop-
ertv values by providing an easy link
between the house and store without
jamming them together to the detri-
ment of both. Pulling them too far
apart, of course, is just as bad.
The planning of spaces and their re-
lationship to each other is the social
purpose of architecture, the meaning of
the word "function" in design. The way
the spaces are enclosed and supported
is the engineering part of architecture,
the provision of structure. To meet the
third qualification for architecture, the
space arrangements and enclosure should
produce the effect we call beauty.
These criterial directly parallel the
definition of architecture given nearly
2,000 years ago by the ancient Roman,
Vitruvius. His words, as paraphrased
in about 1600 by an Englishman, Sir
Henry Wotton, were: "Well building
hath three conditions—commodity, finn-
ness, and delight." The fundamentals
are unchanged—function (commodity),
structure (firmness), and beauty (de-
light).
But the scale on which the architect
must think and plan has changed great-
ly. In pioneer America the rush west-
ward and the handiwork of the semi-
skilled carpenter created a psychology-
of expediency in building from which
we are just beginning to recover. Today,
as a spokesman for The American In-
stitute of Architects put it: "We are
just beginning to dig our way, literally,
out of jumbles of bad building imitating
past European cultures, to clear jerry-
built slum neighborhoods, and to rear-
range gridiron roadway systems
originally planned as if the movement
of cars, and not the needs of people,
was the important consideration in
planning."
Another hangover, the dangers of
which are just beginning to win public
recognition, architects say, is the practice
of allowing vast tracts of good land to
be bulldozed flat and plastered with
endless rows of poorly designed, tiny
suburban houses. To erase the scars of
the past, reclaim valuable land from the
dwindling supply, and build properly
for the future will require large-scale
planning on an integrated community
scale, according to the architects. In
hundreds of communities across the na-
tion, this is being done today.
Today, then, architecture is no longer
just a single building, but complexes of
buildings, designs of neighborhoods, and
the planning and redevelopment of
whole communities. The nature of the
client, too. has changed. Where once it
was traditionally a single person, today
it is often a board, as with a school or
corporation ; a committee, as in a
church ; or even a syndicate, which
might involve a combination of devel-
oper, banker, or group of investors.
What kind of man is it who is equip-
ped to meet this big design challenge
and how many of him are available to
do the job? To answer the second ques-
tion first, there are approximately 11,-
000 architectural finns practicing in the
nation today. In size, they range from
one or two persons to hundreds, and an
office may include planners, designers,
production experts, specification writers,
draftsmen, job captains, inspectors, and
others. In addition, architects hire as
employees or engage as consultants many
technical specialists—such as structural
and mechanical engineers—who are paid
from architectural fees. The architect's
fee, it should be added, comes only from
his client, the building owner. He is
not permitted by the ethics of practice
to accept any compensation from the
sale or use of building materials or
services. By the professional code, no
man can sene two masters. Thus the
design and building process are kept
separate, and the architect acts as the
agent of the owner in inspecting and
checking on the work of the contractor.
Architectural design—whether it in-
volves a house, a school, bank, or any
normal type of structure
—
generally
falls in four stages. The first or "sche-
matic" design stage involves consult.i-
tions with the client. He must state
what is to happen in the building. How
nianv people will do it and how will it
be done? What result is expected? In a
house, for example, the manner and i
habits of the family are more important '
to the design process than the client's
'
real or imagined feelings about types of
materials and color or draperies. Here,
clear and direct communication between
client and architect are of paramount
importance.
Also important is the site, its grade,
soil condition, shape, and size. It will
affect the building design and its ori-
entation, and so will the local climate,
sun-load, amount of rainfall and avail-
able light, and a host of other environ-
mental factors.
From this accumulation of data de-
velops the preliminary drawings. In this
second stage, drawings are prepared to
show the general plan and how it fits
the site. Recommendations are made to
the client on construction methods, use
of materials, and mechanical systems
and equipment. An estimate of cost and
outline of building specifications are pre-
pared. After the client approves this,
the third or "construction documents"
phase begins.
Detailed working drawings are made
to illustrate all essential architectural,
structural, and mechanical work. These
drawings, together wnth others showing
interior space arrangements, building
elevations, cross-sections, and details, are '
accompanied by a book of specifications
outlining the materials to be used and
the required levels of craftsmanship.
The fourth phase is the construction
itself. The architect directs tests of the
quality of materials, checks contractors'
shop drawings, and inspects the work as
it goes on. He keeps the client informed
on progress, checks costs, and approves
contractors' applications for payment.
When satisfied that the job is done, the
architect certifies to that effect.
In large-scale community design proj-
ects, of course, the architect, and some-
times teams of architects, work closely
with city planners, sociologists, and
many types of construction specialists.
On this level, both private and public
money and interests are involved. But.
in the final analysis, the end product
is still design—the product of the de-
signer and one of the prime needs of
the mid-twentieth-centurj-—the age of
the architect.
Canned and frozen juices are becom-
ing more popular, but most men still
prefer to squeeze their own tomatoes.
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BOOK REVIEW
ULTRASONICS
By Benson Carlin, Executive Vice President, Circo
Ultrasonic Corporation
Second Edition. 350 poges, McGraw-Hill, $11.50
Slanted toward practical engineering
design and industrial applications, this
newly published book on ultrasonics
covers theory and methods of generatmg
waves, outlines circuits and other con-
siderations, and discusses mechanical
and electrical design of systems. It treats
everv important phase—from the design
consideration of ultrasonic crystals to the
experimental measurement of ultrasonic
waves in various media—and includes
data on instruments and applications.
This revised Second Edition covers
new developments in the testing of ma-
terials, cleaning, welding, soldering,
medical, and other applications. It in-
cludes new advances in the design of
generators, transducers, transducer tools
and joinings, and on means of testing
equipment.
The book explains changes in the
form of matter brought about by ultra-
sonic agitation in the chemical, physical,
and biological fields . . . and describes
characteristics of ultrasonic \vaves im-
portant in practical applications.^
Among the many specific topics cov-
ered are waves of dilation; the beam
spread at various frequencies from a
given transducer size; possible ways of
producing ultrasonic waves; and differ-
ent types of electromechanical convert-
ing systems. The book also discusses de-
sign consied rations of suitable holders
for the crystal, and explains the use of
various instruments such as the inter-
ferometer and reflectogage.
The author, Benson Carlin, is Execu-
tive Vice President of Circo Ultrasonic
Corporation. Widely recognized as an
authority in the field, he has ser\-ed .is
consultant to various major corporat'ons
Further information on Carlin's [//-
trafonus is available from McGraw-
Hill's Industrial and Bu.siness Rook In-
foi-mation Service. 327 West 41 St.,
New York 36, N. Y.
In Engineering Hall In Summer
As I stand here
The lonely halls
Are echoing to
A million steps.
And in the quiet libran^
—
The roar of whispers left
By class on class
Of dreamers gone
;
Whose dreams are falling still.
As I stand here.
Thanks for this verse to Mr. John
W. Harriman, Technograph Editor
1922, who wrote it several years ago
after passing through Urbana during
the deserted summer semester.—Ed.
New Society On Campus
"Illinois Society of Construction En-
gineers" was foi-med just last month in
conjunction with the senior Civil Engi-
neers. The purpose of the society is to
further the interests of those engineers
going into the construction industry.
The society holds its meetings the
second Tuesday of each month.
The officers of the new ISCE are:
Roger Transley, President, Carl Kowal-
ski, Vice President, Rick can Weelden,
Secretary, and Rich Eckardt, Treasurer.
Nylon Motion Lasts
Nylon may be the answer to "per-
petual motion." A company has devel-
oped a lockset whose nylon parts will
work more smoothly after 80 years of
use than when new.
Culvert For Auto Underpass?
A king-sized steel cuKert now being
erected near Peoria for use as an auto-
mobile underpass will speed up construc-
tion of Interstate highway 74 and .save
the taxpayers' money at the same time.
U. S. Steel's American Bridge Divi-
sion is installing side by side what are
thought to be the two largest pipe-arch
structures ever fabricated. Each unit of
the twin structures will be 334 feet
long. Slightly egg-shaped, the completed
tunnels will be approximately 20 feet
wide and 17 feet high.
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United Engineering Center
Features Welded Construction
Construction of the new United En-
gineeriiiflf Center adiacent to United
Nations P'aza in New York is well un-
derway. Designed for efficient, effective
and economical service to member-engi-
neers of the founder and associated so-
cieties, the new Center will be twice
the size of the previous structure on
39th Street. The Engineering Library
will contain the world's most outstand-
ing collection of engineering literature.
Welded construction is featured in
the new building. Over 20 tons of elec-
trodes will go into the 18-story Cen-
ter's construction.
The most unusual weldments are
three giant fabricated steel trusses
which will support the roof of the li-
brary, between the third and fourth
floors. Each 50-foot truss weighs more
than 20 tons, is fabricated from rolled
sections rather than angles, and requires
over a thousand feet of weld.
Another interesting structural feature
is the special hollow columns required
for necessary clearances in elevator
shafts. The remainder of the job is
regular beam and column work. How-
ever, some of the columns have rein-
forcing plates welded to them to in-
crease their load-carrying capabilities to
as high as 3600 kips or 3.6 million
pounds.
German Research Reactor
The Babock & Wilcox Company, de-
signer and supplier of the major reactor
components for the research marine re-
actr for the Kernenergie Hamburg,
Germany, reported recently that the
test reactor has successfully reached its
full rated power of 5000 kilowatts.
Consisting of a reactor core and four
special-purpose pools, the unit is the
largest of its type ever built. It is also
the first European reactor to be built
expressly for research in marine appli-
cations.
Owned and operated by Gesellschaft
Fur Kernenergieverwertung In Schiff-
bau Und Schiffahrt (The Society for
the Utilization of Nuclear Energy in
Shipbuilding and Navigation) the re-
search unit is 89 feet long and 29 feet
wide. It is unique in that it has four
pools—built in series—instead of the
more conventional double pool. Three
of the pools are capable of sustaining
reactor operation at miximum power.
A feature of President Eisenhower's
"Atoms for Peace" program, the reactor
utilizes fuel elements containing urani-
um enriched to 20 per cent in urani-
um-235. The reactor's plate-type fuel
elements contain this fissionable materi-
al in the form of uranium-aluminum
alloy, 45 per cent uranium by weight.
Each of the four pools has a special
function. One is a standard pool with
beam ports and thermal column. The
second has an exterior chamber for car-
rying out shielding experiments in air.
The third is a storage pool for the reac-
tor core, and the fourth, an experimen-
tal pool in which very large equipment
and specimens may be immersed for
irradiation.
The reactor building and supporting
facilities were built in cooperation with
B&W by Deutsch Babcock & Wilcox-
Dampfkessel-Werke of Germany. The
installation is located east of Hamburg,
about 10 kiloweters from the East Ger-
man border.
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If your sights are set on astro-electronics-
'liolo liom succn ii( RCL\ ^
I \ Imagery Simulator.
This device permits elec-
tronics to enhance photo-
graphs to aid interpreters.
It was used in the design
ol TIROS I, developed lor
the National .-\eronautics
and Space .Administration
b\ RCA. to simulate photo-
i;raphs which could be
ubtained trom 400 miles
in space.
-you'll find Photography at Work with you
Outer space presents vast new
challenges to the engineer— esf)e-
cially in electronics. And photog-
raphy becomes one of his valuable
tools. Orbiting satellites send mes-
sages to be recorded from the
oscilloscope tube. X-rays and film
allow him to check the internal
integrity of sealed components.
Even intricate circuits can be
printed and miniaturized by photo-
graphic methods.
There's hardly a field on which
you can set your sights where photog-
raphv does not play a part in
improving the product, simplifying
work and routine. It saves time and
costs in research, on the production
line, in quality control, in the engi-
neering and sales departments, in
the office.
So in whatever you plan to do,
take full advantage of all the ways
photography can help.
CAREERS WITH KODAK:
With photography and photo-
graphic processes becoming increas-
ingly important in the business and
industry of tomorrow, there are new
and challenging opportunities at
Kodak in research, engineering,
electronics, design, sales, and pro-
duction.
If you are looking for such an
interesting opportunity, write for
information about careers with
Kodak. .Address: Business and
Technical Personnel
Department, Eastman
Kodak Company.
Rochester 4, .\.V.
EASTMAN KODAK COMPANY
Rochester 4, N. Y.
One of a series
Interview with
General Electric^s Byron A, Case
Manager—Employee Compensation Service
Your Salary
at General Electric
Several surveys indicate that salary is
not the primary contributor to job
satisfaction. Nevertheless, salary con-
siderations will certainly play a big
part in your evaluation of career op-
portunities. Perhaps an insight into the
salary policies of a large employer of
engineers like General Electric will
help you focus your personal salary
objectives.
Salary—a most individual and per-
sonal aspect of your job—is difficult to
discuss in general terms. While recog-
nizing this. Mr. Case has tried answering
as directly as possible some of your
questions concerning salary:
Q Mr. Case, what starting salary does
your company pay graduate engineers?
A Well, you know as well as I that
graduates' starting salaries are greatly
influenced by the current demand for
engineering talent. This demand es-
tablishes a range of "going rates" for
engineering graduates which is no doubt
widely known on your campus. Be-
cause General Electric seeks outstand-
ing men, G-E starting salaries for these
candidates lie in the upper part of the
range of "going rates." And within
General Electric's range of starting sal-
aries, each candidate's ability and
potential are carefully evaluated to de-
termine his individual starting salary.
Q How do you go about evaluating
my ability and potential value to your
company?
A We evaluate each individual in the
light of information available to us:
type of degree; demonstrated scholar-
ship; extra-curricular contributions; work
experience; and personal qualities as
appraised by interviewers and faculty
members. These considerations deter-
mine where within G.E.'s current sal-
ary range the engineer's starting salary
will be established.
Q When could I expect my first salary
increase from General Electric and how
much would it be?
A Whether a man is recruited for a
specific job or for one of the principal
training programs for engineers—the
Engineering and Science Program, the
Manufacturing Training Program, or
the Technical Marketing Program—his
individual performance and salary are
reviewed at least once a year.
For engineers one year out of col-
lege, our recent experience indicates a
first-year salary increase between 6 and
15 percent. This percentage spread re-
flects the individual's job performance
and his demonstrated capacity to do
more difficult work. So you see, salary
adjustments reflect individual perform-
ance even at the earliest stages of
professional development. And this
emphasis on performance increases
as experience and general competence
increase.
Q How much can I expect to be making
after five years with General Electric?
A As I just mentioned, ability has a
sharply increasing influence on your
salary, so you have a great deal of per-
sonal control over the answer to your
question.
It may be helpful to look at the cur-
rent salaries of all General Electric
technical-college graduates who re-
ceived their bachelor's degrees in 1954
(and now have five years' experience).
Their current median salary, reflect-
ing both merit and economic changes,
is about 70 percent above the 1954
median starting rate. Current salaries
for outstanding engineers from this
class are more than double the 1954
median starting rates and, in some
cases, are three or four times as great.
Q What kinds of benefit programs
does your company offer, Mr. Case?
A Since I must be brief, I shall merely
outline the many General Electric em-
ployee benefit programs. These include
a liberal pension plan, insurance plans,
an emergency aid plan, employee dis-
counts, and educational assistance pro-
grams.
The General Electric Insurance Plan
has been widely hailed as a "pace
setter" in American industry. In addi-
tion to helping employees and their
families meet ordinary medical expen-
ses, the Plan also affords protection
against the expenses of "catastrophic"
accidents and illnesses which can wipe
out personal savings and put a family
deeply in debt. Additional coverages in-
clude life insurance, accidental death
insurance, and maternity benefits.
Our newest plan is the Savings and
Security Program which permits em-
ployees to invest up to six percent of
their earnings in U.S. Savings Bonds
or in combinations of Bonds and Gen-
eral Electric stock. These savings are
supplemented by a Company Propor-
tionate Payment equal to 50 percent
of the employee's investment, subject
to a prescribed holding period.
// yoii ivoiiUl like a reprint of an
iiiforntutive article entitled,^'How
to Evaluate Job Offers'' by Dr. L.
E. Saline, iirite to Section 959-14,
General Electric Co., Schenectady
5, New York,
T^ogress Is OurMosf- /mpor/anf Proefucf-
GENERAL AeLECTRIC

IQ
Whether it jumps to make a discovery that's out of this
world, or sits down quietly to spend a century or two on
atomic research, steel is the only material that has the
strength and vigor to keep up with the reach of modern
man's mind.
New Stainless Steels developed by United States Steel
withstand the vibration and friction of unearthly speeds.
New USS Steel Forgings shape atomic reactors and nuclear
power systems. Look around. You'll see steel in so many
places— building strength. And steel depends on men hke
you. For information about the many career opportunities
at U.S. Steel, including financial analysis or sales, send
the coupon. ^^^ '^ " ''^e'^'^''"^ trademark
United States Steel
United States Steel Corporation
Personnel Division
Room 6085A. 525 William Pern Place
Pittsburgh 30, Pennsylvania
Please send me career information about U.S. Steel.
Name
School-
Address-
City -Zone State-
'i^L0^'\ytty^4'
Things
we know about
tomorrow:
ooo ^oo
Television tape may help save your child's life
Westinghouse scientists and engineers have put together an unusual
assortment of machines with which doctors hope to write a bright
new chapter in the history of man's fight against childhood diseases.
The machines are: A fluoroscope which uses lower radiation
intensities ... to lower the exposure of the human body. A new
light amplifying system which makes the image from the fluoroscope
50,000 times brighter. And a TV camera which picks up the image as
a moving picture and records it on video tape. This can be played
back again and again until the trouble is diagnosed, or put on
television cables and shown to specialists half a world away.
Physicians hope that this machine will help them diagnose diseases
and injuries more quickly and accurately than ever before.
For more information about your future with Westinghouse, write
L. H. Noggle, Westinghouse Educational Department,
Pittsburgh 21, Pa. You can be sure... if it's
Westinghouse f\V
WHAT'S THE
OPPORTUNITY
FOR YOU
AT
DUPONT?
It's good. Here's what Du Pont offers:
A chance to grow, to build on your college training, as
you work with, and learn from, men who have made
their mark.
A chance to advance at a rate consistent with your
growth and development.
A chance to achieve distinction in your field, on stimu-
lating projects.
Engineers, Chemists, Physicists, Mathematicians,
with B.S., M.S. or Ph.D.
Send the coupon below for more complete information
on the opportunity for you at DuPont.
BETTER THINGS FOR BETTER LIVING . . . THROUGH CHEMISTRY
E. I. du Pont de Nemours & Co. (Inc.), 2420-1 Nemours Building. Wilmington 98, Delaware
Please send me the booklets checked below:
DuPont and the College Graduate Your Engineering Opportunities at DuPont
n Mechanical Engineering at Du Pont n Chemical Engineering at Du Pont
Name Class Course Degree
College-—
Your Add r r
^City Zone State.
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THANKS, MONSIEUR CORIOLIS, BUT WE PLAY IT STRAIGHT!
Your theory is a little complicated for us. Rather than work in rotating coordinates and
compensate for your famous acceleration, we avoid the problem. Our guidance system plat-
forms are stabilized in inertial space instead of rotating Earth space. The result is simpler
guidance system computations for missiles like Titan. If you would like to be trained
to work in this challenging atmosphere, please contact your college placement office, or
write to Mr. R. E. Allen, Director of Scientific and Professional Employment, 7929 S.
Howell, Milwaukee 1, Wisconsin.
AC SPARK PLUG <§> THE ELECTRONICS DIVISION OF GENERAL MOTORS
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ONE IN A SERIES
Bendix answers your questions
WILL I BE PUT INTO
A TALENT POOL?
Depending on the company you join, your first assignment can range
from detailing to full participation, as a team member, in solving
a complex major systems problem.
Exactly where you will fit in depends on a number of
things, such as: (1) your ability; (2) the existing
opportunities; and (3) the amount of responsibility
your company is willing to give you.
Some employers actually have a "talent pool"
arrangement, where you will bide your time while
the company "orients" you, or looks you over.
At Bendix, engineers are hired to do specific engineering
jobs. We have long been devoted to the principle of
"maximum skill utilization." Engineers are not placed
in talent pools at Bendix.
We feel that it is wasteful to all concerned when a man
works below his abUity and capacity. Ask your Placement
Director about Bendix—where you can build your
career to suit your talents. Arrange for an interview
with a Bendix representative; ask him about your
probable first assignment. You will be surprised at how
completely it can be defined. Or, write to C. A. Cleveland,
The Bendix Corporation, Fisher Building, Detroit 2. Mich..
for general information.
CAREER OPPORTUNITIES IN: CALIFORNIA • CONNECTICUT • INDIANA • IOWA • MARYLAND • MICHIGAN • MISSOURI • NEW JERSEY • NEW YORK • OHIO PENNSYLVANIA
A THOUSAND DIVERSIFIED PRODUCTS SERVING THESE FIELDS:
machine tools • sonar • marineautomotive • electronics • missiles & space • aviation
ANUARY, 1961
nucleonics • computer
K}^. en u^
... is a rare and marvelous possession. It is to be
coveted and protected—nourished and encouraged
—
given
freedom for expression, and, at the same time,
intelligent guidance.
At Delco Radio Division of General Motors we have
an appreciation for talent—the kind of talent which led
Delco to a position of leadership in the fields of
electronics and solid state physics.
Armed with this background and men of proven
abUities, we intend to assault the challenges of the future.
We have unusual opportunities for ambitious young men
with new ideas
—
new talent. If you're interested in becoming
a part of this aggressive Delco, GM team, write to
Mr. Carl Longshore, Supervisor—Salaried Employment,
for additional information—or talk with our
representative when he visits your campus.
E)ELco Eadio Division of General Motors
KOKOMO, INDI.A.NA
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Auxiliary
prime
Turbines becoming <
r source for industry
J
Helmut Srhelp^ chief ensineer, AiResearch Manufacturing Division of
Arizona, Phoenix, surrounded by typical gas turbines noic in production
ranging in size from 30 to 850 hp. Clockwise from the lop: CTC 8S-28
GTCP 105 GTP 70-6 CTP 30 I CTP 70-10 OTU SS2.
The foregoing and other diverse, highly
interer^ting Garrett programs provide out-
standing opportunities for engineers.
An orientation program lasting a period
of months is available, in which new
graduates work on assignments with ex-
fierienced engineers in laboratory, pre-
iminarv design and development projects.
Should you be interested in a career with
The Garrett Corporation, write to Mr. G.
D. Bradlev in Los Angeles.
/^iPesearch Manufacturing Divisions
LOS ANGELES as. CALIFORNIA • PHOENIX. ARIZONA
OTHER DIVISIONS AND SUBSIDIARIES: A I RSUPPLY- AERO ENGINEERING • AIRESEARCH AVIATION SERVICE • GARRETT 3URPUY • AIR CRUISERS
AIRESEARCH INDUSTRIALS GARRETT MANUFACTURING LIMITED^ MARWEDELt GARRETT INTER NATIONAL SAsGARRETTIJAFANI LIMITED
AiResearch Gas Turbine Engines,
the most widelv used power source for
the starting, air conditioning, cooling and
heating of jet aircraft, now are becoming
a prime power source for industrv.
Easier to maintain because of few-
moving parts, these lightweight gas
turbine engines develop more horse-
power per pound and inch than anv other
engine. Most efficient at max
imum speeds, thev run
YHE
on almost anv fuel and start immediately
in anv weather.
Future prime power applications of
.AiResearch gas turbines for industry in-
clude: earthmo\"ing equipment: small in-
dependent generator plants; marine use;
helicopters and small conventional air-
craft: emergencv power plants; air con-
ditioning, heating, refrigeration; atomic
energv (closed cvcle gas turbine
with atomic energy heat source).
ANUARY, 1961
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From the Editor's Desk . .
The Realization of Time
"Telling" time is one of the early lessons most of us learn as children. Yet it is much
later that any real significance of the number of minutes and hours comes to us. As children
it meont that when the sands of the clock were in a certain position, we ate; or we napped;
or we went to school; or we had to go to bed. Soon time began to take on a third dimension—
a depth wherein we could do a certain amount of work, see a movie, or spend in recreation
or sports. We looked forward to coming events which would occur in a few minutes, hours,
days, or weeks. We have a thermodynamics exam tomorrow at three o'clock. Time stretched out
before us like a path leading somewhere—a path that we must travel at a fixed pace. We can
glance back over our shoulder to see where we have been, but there is a mist and fog that
never allows us to clearly see before us. The only way to be prepared for this unforseen future
is to learn from the past, which is familiar.
With thoughtful perception it began to appear that time is associated with change. Peo-
ple grow older; they mature; and the habits and modes of life change from childhood to adult
years. This ageing, maturing, and changing process is as irreversible as a frictionol, free ex-
pansion, mixing process with heat transfer across a finite temperature difference. Many peo-
ple try to cover this change, but change with time is inevitable. "Hide that gray hair," and
"Make your old car run like new" are the advertisers' appeal to this covering up of the changes
of time; but attempt to change what you will; time marches on.
New aspects of time come to mind. It is a measure based on the turns of the earth,
divisions of the light of day and the dork of night. There is the past, the present, and the
future. Time makes coincidence. If we start out at a certain moment in the morning, we will
meet someone at the corner whom we would not meet if we had started earlier or later. If
we had lived three generations ago instead of now, how different our lives would hove been.
What we see on our journey along the path of time is governed by the point we begin and
the distance we cover. What we build for ourselves is formed by each and every step we take.
The railroad rails ore laid down by a crew that travels along as the tracks are finished,
but they have a chance to go back and mend their mistakes. We can only peer back at our
errors and try not to duplicate them in the future. Life would be almost too easy if we could
go back to repair, but instead we can only build better to counterbalance the flaws in our
past.
Yet time is neither something we can get hold of, nor control, though we use it. It seems
to repeat itself; yet it does not go in circles, but on and on. Perhaps it does not go at all
but is always "there."
-C.H.J.
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LIGHTNING
STRIKES!
TO PROTECT ELECTRIC
SYSTEMS, POWER
ENGINEERS MUST . . .
UNDERSTAND . . .
by identifying the magnitude
of surge, duration and wave
shape of lightning. Recently
installed devices on Wiscon-
sin Electric Power Company
System help do this.
DETECT . . .
by improving the means of
discovering electrical faults
caused by lightning, through
better carrier current (black
diagram) and microwave re-
laying.
CONTROI
by providing better analysis
of electrical faults caused by
lightning. Power engineers
are working to improve fault
interruption and prevention
devices.
LIGHTNING is one of the oldest known electrical phenomena, yet it is one of the least
understood. In the rapidly growing power network of Wisconsin Electric Power Com-
pany, engineers are constantly working to provide better system operation through im-
proved methods of lightning protection and faster interruption of hghtning caused faults.
This is just one of many challenging possibilities in electrical engineering at Wisconsin
Electric Power Company. Openings in other fields of engineering, too, offer bright fu-
tures in electric power. Ask our representatives.
WISCONSIN ELECTRIC POWER COMPANY
SYSTEM
Wisconsin Electric Power Co.
MILWAUKEE, WIS.
Wisconsin Michigan Power Co.
APPLETON, WIS.
Wisconsin Natural Gas Co.
RACINE, WIS.
THE TECHNOGRAPH
562 PRO(MMS,
PRQJECTSiSlTJDIES
AT HUGHES THE DIVERSITYOF ELECTRONICS
ACTIVITY AT HUGHES PRO-
VIDES AN IDEAL ENVIRON-
MENT FOR THE GRADUATING
ENGINEER OR PHYSICIST.
THESE ACTIVITIES INCLUDE:
Polaris Guidance Development
Army/Navy Computer Systems
Space Ferry
Fixed Array Antennas
Fire Control Radar Systems
Pulsed Doppler Radar and
Anti-Submarine Warfare
Naval Tactical Display Systems
3-Dimensional Radar
Air-to-Air Missiles
Space Propulsion Systems
Tunnel Diodes
Infrared Devices
Satellite Active Repeater
Development
Wide Band Scanning Antenna
Feed Systems
Microwave Antennas and
Radomes
Guidance and Navigation
Computers
Satellite Communication
Systems
Satellite Reconnaissance Drone
World-Wide Communications
Networks
Command Control and
Information Processing
Micro-Electronics
Linear Accelerators
Gamma Rays
Nuclear Fission
Remote Handling Devices
Photoconductive Materials
Electroluminescence
Solid State Display Devices
Terminal Communications
Line-of-Sigtit UHFand
VHF Relay Systems
Air Traffic Regulation and
Landing System
Pincushion Radar
Logi-Scale General Purpose
Computer
Radar Closed Loop Tester
Missile-Range Ship
Instrumentation
Precision Trajectory
Measurement System
Space Vehicle Subsystems
Telemetering Systems
Radiation Sources, Detection,
Handling Equipment and
Effects Analysis
Inertial Missile Guidance
Systems
Machine Tool Controls
Microwave Tubes
Transistors and Diodes
Rectifiers
Thermal and Magnetic Relays
Crystal Filters
Digital Components and Devices
Plasma Physics Research
ELECTRICAL ENGINEERS AND PHYSICISTS
B.S., M.S. and Ph.D. (June and Summer Graduates)
Members of our staff will conduct
CAMPUS INTERVIEWS
February 28 and March 1, 1961
Find out more about the wide range of programs, unique
Professional Register, advanced educational programs and
relocation allowances offered by Hughes.
For interview appointment or informational literature consult
your College Placement Director. Or write Hughes College
Placement Office, P.O. Box 90515, Los Angeles 45, California.
CHEATING A I ^WORLOWUM ELECTRONICS
HUGHES
I
HUGHES AIRCRAFT COMPANY
Culver City, El Segundo, Fullerton,
Malibu, Newport Beach, Oceanside,
Los Angeles, Calif.; Tucson, Arizona
JANUARY, 1961
research? development? production?
Which area is best for your chemical career?
p I
Have you the "creative curiosity" required by research? Does the
development of ideas into products fascinate you? Or are you the
kind of man who enjoys the immediate, tangible results of production?
It's not always easy for a graduating chemist or engineer
to pick the work area best suited to his talents and inclinations.
Allied Chemical makes every effort to see that new employees
get into the kind of work that suits them best and interests them most.
Our extensive facilities help us here: 12 research and development
centers . . . over 100 plants throughout the country . . . more than
3,000 diversified products— chemicals, plastics, fibers.
Ask our interviewer about career opportunities at Allied when he
next visits your campus. Your placement office can give you the
date and supply you with a copy of "Your Future in Allied Chemical."
Allied Chemical Corp., Dept. 161-R2, 61 Broadway, New York 6, N. Y.
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Thermoelectricity:
Applying the Seebeck Effect to Power Generation
by Stephen J. Angello
Project Manager, Thermoelectricity, Westinghouse Electric Corporation
Introduction
Almost 1 50 years ago the German
physicist Thomas Seebeck discovered
that the flow ot heat through a metal
segment could produce a voltage dif-
ference between its hot and cold ends.
Although this Seebeck effect has since
become familiar through its uses in in-
strumentation, the field of application
has been severely limited because of its
low voltage and power output.
Quite recently, the development of
new thermoelectric materials has en-
abled us to raise both the power output
and the efficiency of thermoelectric de-
vices to levels suitable for the practical
generation of power. A year ago, for
example, we were working with devices
whose output was slightly over 1 watt
;
today we have generators rated at 100
watts and very soon we will complete
construction of a generator rated at
5000 watts.
The qualities of thermoelectric de-
vices that have impelled these develop-
ments, particularly for military applica-
tions, include ruggedness and compact-
ness and, of course, the fact that the
devices are mechanically static. That is,
heat is converted into electricitv without
' the need for any moving parts. This
I
freedom from moving parts has several
I
significant implications for defense; for
I
example, in military power plants heat
I
could be converted to electricity without
noise. In space vehicles and missiles, the
! absence of rotating parts would elim-
inate the gyroscopic forces that occur in
I
rotating machines and so simplify giu'd-
' ance and stability in orbit. As more
basic advantages still, the absence of
i
moving parts means that thermoelectric
generators are inherently more reliable
than rotating machines and perhaps may
eventually pro\e lower in first cost.
The Basic Phenomenon
In any uniformly heated pellet of
thermoelectric material its positive and
negative electrical charges are unifornih-
distributed, as in Fig. 1, but when heat
is applied to one surface, this distribu-
tion is no longer uniform. Although the
positively charged ions in the crystals
remain fixed, the negatively charged
electrons tend to move to the cooler
end, as in Fig. 2. This results in a
gradient of electrical charge and a po-
tential difi'erence between the hot and
cold ends which can cause current to
flow in an external load. As we actual-
ly use theiTuoelectric devices, they are
arranged in an array of series-connected
thermocouples whose materials have
been so formulated that their \oltages
are additive. It is through stacking of
elements in arrays that we are able to
achieve voltage outputs adequate for
power generation.
Materials and Their Parameters
One of the most important factors in
the growth of themioelectric technology
is our ability to adjust the number of
free electrons in semi-conductor materi-
als. The importance of this is due to
two basic relationships: First, the out-
pLit \oltage of any thermoelectric ma-
terial is inversely proportional to the
number of free electrons in that ma-
terial ; and, second, the conductivity of
the material is directly proportional to
the number of free electrons. Thus, in-
sulators containing 10'" electrons per
cubic centimeter generate Seebeck (out-
put) voltages in the order of 10.000
micro-\()lts per Centigrade degree of
temperature difference between the hot
and cold ends; offsetting this, however,
is the fact that they have an extremely
high internal resistance. On the other
hand, the metals give Seebeck voltages
of about 5 microvolts per degree but
have extremely low internal resistance.
To obtain maximum power output or
optimum efficiency from a thermoelectric
material we must therefore adjust the
electron density for an acceptable com-
promise value between high voltage and
high electrical conductivity. This is es-
sential to the production of useful power
since a combination of high voltage and
low current or of low voltage and high
current result in little power. The com-
promise is shown by the efficiency cur\-es
in Fig. 3 which show the optimum elec-
tron densit\' to be about 10''' free elec-
trons per cubic centimeter, a value well
within the range of good-conducting
semiconductors and one which afiords
Seeback voltages of about 175 micro-
volts per degree C. Some typical ma-
terials which demonstrate acceptable ef-
ficienc\' are zinc antimony, lead telluride,
bismuth telluride, and germanium tell-
uride.
In thermoelectric generators built for
practical uses we find it is desirable to
use a number of different thermoelectric
materials to take advantage of the fact
that each has its best range of operating
temperatures. This contributes to the
increased efficiency that is possible when
we operate generators at high tempera-
tures. To cover low temperatures, say
up to 600 degrees C, we already have
several semiconductors which have
proved satisfactory. However, to go
higher, say into the 1000 degree C
range, semiconductors are no longer suit-
able since at these temperatures they
become "intrinsic" ; that is, the heat in-
put causes both positive and negative
electrical charges to migrate in equal
numbers and so no output voltage is
po.ssible. As an extreme example, we
see in Fig. 4 how bismuth telluride's
I
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ably by using forced convection of air
or water to reject heat, we believe it
feasible for generators designed in this
way to produce 15 watts per pound of
weight, for a power-to-weight index
that is comparable to that for a typical,
gasoline-powered 5l'0-watt generator.
Other design problems with high pri-
ority grow out of our desire to narrow
the gap between the efficiency that is
theoretically available from known ma-
terials and the efficiency that is actualK
available when these materials are used
in equipment. Materials available to us
today are capable of an efficiency of
about 17 per cent but when assembled
as elements of complete generators, the
over-all efficiency then becomes about 6
per cent. Much of this loss of efficiency
is due to such factors as the stack losses
represented by the discharge of heat-
bearing gases from the generator's
"chimney" and the fact that some of the
energ>- transferred through the walls of
the chimney passes around but not
through the thennoelectric elements.
Although continued progress in gen-
erator design will reduce losses and in-
crease total efficiency, it seems certain
that nuclear reactors will be much more
efficient in thennoelectric applications
than conventional heat sources. With
nuclear reactors, it will be possible to
have the heat source completely sur-
rounded by thermoelectric elements to
eliminate stack losses.
(^ne of the most interesting aspects
of the efficiency of thennoelectric gen-
erators is that it is independent of power
rating, which is of course in contrast
to the power-efficiency relation for con-
ventional machines. As Figure 5 shows,
small conventional power supplies have
an efficiency of roughly 5 per cent, the
automobile engine is about 1 5 per cent
efficient, and large diesel engines and
marine steam turbines have efficiencies
of about 20 per cent. As our most effi-
cient units, large central station power
plants ha\e efficiencies of about 42 per
cent. At present, the efficiency of today's
thermoelectric generators is constant at
about 6 per cent regardless of rating.
Viewed from the standpoint of efficiency
only, thermoelectric devices are thus
comparable to conventional power
sources in applications up to about 10
horsepower.
As new materials are developed, it
seems likely to us that in about five years
we will have materials with an inherent
efficiency of 30 per cent and we see no
reason to regard this 30 per cent as an
ultimate ceiling. At the same time, it ap-
pears that to achieve efficiency much
above this level a major breakthrough
will be necessary. As we work with the
30-per-cent-efficient materials we fore-
see for lQb5, we believe now that we
((Continued on page 30)
Fig. 3— Relationship between density of free electrons and conductivity and
thermoelectric (Seebeck) voltage.
SEEBECK
VOLTAGE
NEWc:>
MATERIALS
BISMUTH
I
TELUIRIDE.
150°C 50(PC lOOO^C
TEMPERATURE
Fig. 4—An extreme example of the manner in which semiconductors become
intrinsic at critical temperatures.
Fig. 5—Efficiency of conventional heat engines as a function of their rating.
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SPACE TECHNOLOGY LABORATORIES
INVITES
GRADUATE STUDENTS
10 discuss careers in the space sciences witli members
of its teclvncal
staff u'/ic'/i they visit your campus on
FEBRUARY 20 & 21, 1961
Space Technology Laboratories, Inc. of Los Angeles, California.
maintains a large staff of skilled specialists who arc devoted entirely to the research and
dex'elopnient of adsanced space and missile systems.
Recent STL achievements include Explorer VI and Pioneer V, for which STL
had complete systems responsibility In addition, STL provides
systems integration and test for the major Air Force Ballistic Missile Weapon Systems.
You are urged to see our representatives if your interests
are in any of the following challenging fields:
Theoretical Physics Antennas and Microwaves
Magnetohydrodynamics Teleconmiunications
Experimental Physics Inertial Guidance
Solid State Physics Electro-Mechanical Devices
Applied Mathematics Analog Computers
Digital Computers Engineering Mechanics
Space Communications Aerophysics
Computer Design Applied Aerodynamics
Radar Systems Propulsion Systems
Guidance C- Navigation Systems Engineering
Please make arrangements with your placement office for interview appointment.
If unable to see our representatives, you may contact STL by mail.
Address your resume to: College Relations, Space Technology Laboratories, Inc.
P. O. Box 95004, Los Angeles 45, California.
SPACE TECHNOLOGY LABORATORIES, INC.
@
L
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Energy conversion is our business
The concept of energy availability
in all its ramifications is becoming
ever more important to Allison's
energy conversion mission.
Current projects involving this con-
cept include electrochemical con-
version systems (for satellites, space
systems, and perhaps even your
future automobile), heat regenerator
systems and photolysis regenerators.
In our inquiries -we rely not only on
our own resources but also on the
talents of General Motors Corpora-
tion, its Divisions, and other organi-
zations and individuals. By applying
this systems engineering concept to
new research projects we increase the
effectiveness with which we accom-
plish our mission — exploring the
needs of advanced propulsion and
weapons systems.
LUSON
Division of General Motors, Indianapolis, Indiana
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PROF
? BY ASSISTANT DEANDAVID R. OPPERMANI
"In order to safeguard life, health
and property, an\- person practicing or
offering to practice professional engi-
neering must have evidence that he is
qualified so to practice and to be regis-
tered as herein after provided." These
are the opening words of the Illinois
Professional Engineering Act and they
state specifically why a professional en-
gineer must be registered—in order to
safeguard life, health and property.
There are other reasons for registration
and advantages to the professional engi-
neer but the primary consideration is
the safety of the public. Though your
particular engineering function after
graduation may not directly involve the
safety of the public, you would still be
well advised to consider registration as
a professional engineer.
Who or what is a professional engi-
neer? The model law drafted by the
National Society of Professional Engi-
neers states, "The term professional en-
gineer within the meaning and intent 'if
this Act shall mean a person who, by
reason of his special knowledge of the
mathematical and physical sciences and
the principles and methods of engineer-
ing analysis and design, acquired by pro-
fessional education and practical e.xperi-
ence, is qualified to practice engineering
as hereinafter defined, as attested by his
legal registration as a professional en-
gineer." These words partially describe
you now and will undoubtedly fit you
after a few years in industry.
The first state to enact a law regu-
lating the engineering profession was
Wyoming in 1907. Since that time every
state in the Union has enacted such
laws as well as territories of the United
States and the District of Columbia.
This was not accomplished overnight for
it took 43 years from the time the first
law was enacted until the District of
Columbia became the last area of our
nation to be covered by such laws. Reg-
istration, then, is in its infancy but ;t
is growing rapidly.
In l')3() there were approximately
10,000 registered professional engineers.
Bv 1956 that number had grown to
1 76,000. Today well over 200,000 engi-
neers are registered professional engi-
neers, over half of those people practic-
ing engineering as a profession. Each
year more and more people are register-
ing as professional engineers, especially
the younger engineers and new college
graduates. A larger percentage of the
unregistered engineers are those older
engineers who have failed to see the
need for registration or who may feel
that a theoretical examination would
not be fair to them. Most States recog-
nize this situation and examinations for
these people are available to test their
competency fairly so that the number
of the "hold-outs" is decreasing each
year.
Registration is here to stay for it has
been of proven benefit to the public.
Last year 83*^7 of the engineering grad-
uates in the state of ^Missouri immedi-
ately applied for and took the Engineer-
ing-in-Training examination. Of the
more than 35,000 engineers who re-
ceived their bachelor's degree last year,
the vast majority began first steps to-
ward registration.
But protecting the safety of the public
may seem to be a rather nebulous con-
sideration for a busy student who is try-
ing his best to sandwich interviews with
companies in between preparation for
final examinations. Further, $10 for an
examination is still a large sum of mone\
to many of you and you may not be
concerned about the safety of the public
if it is going to cost you a ten dollar
bill. Therefore, manv students wish to
have more specific reasons for consider-
ing the first steps toward registration.
Some of these reasons follow.
First, registration gives you authority
to practice as an engineer before the
public. If you have a job, the pay check
that company "X" is going to give you
may seem to be all the authority you will
need. But isn't this a rather short sight-
ed view? Are you sure that you will al-
ways be in this position? Maybe in a few
years important advancements may
hinge upon the factor of registration
alone. A golden opportunity may slip by
you because you had failed to register as
a professional engineer.
Secondly, registration establishes a
professional standing for you according
to legal requirements. These require-
ments, though they are minimum, are
accepted by everyone since they are le-
gally recognized and have been tested in
the courts. Thus, your standing is well
defined and assured. In addition, you
are protected by law from the unquali-
fied who woidd try to use the title. The
law also distinguishes between you and
"locomotive enginemen" and others wiio
are commonly called engineers.
Many of you may be engaged in en-
gineering work that does not require
registration for the daily tasks you per-
form. Teaching in an engineering school
is an example of this. But you have auto-
matically limited your range of activi-
ties since, if the occasion arises, you
woidd not legally be able to act in a
consulting engineering capacity. Further,
there are specific instances where you
would be denied the privilege of acting
in an engineering capacity, such as testi-
f\ing in court, simply because you had
failed to register. Thus, registration is
not only in the best interest of the public
at large, hut it is also very specifically
in \our own best interest.
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A few paragraphs ago I mentioned
that registration certifies only to mini-
mum qualifications. We all advance in
our profession on the basis of our capac-
ity to perform creditable work, or else
we find that we do not advance. Your
preparations for a career in engineering
must continue on after you leave school.
Thus, year by year, you increase in
stature and in ability to perfonii an en-
gineering service for the public. Ulti-
mately your level of competency is far
above the minimum standards for regis-
tration. However, if you ha\e failed to
register, this competency is not legally
recognized. A minimum standard must
be established to eliminate the quacks
and the ill-prepared from foisting their
eflorts on the public. Regeistration does
protect the public and the profession
from such people by establishing these
standards. Graduation from an accredit-
ed engineering school, such as the Uni-
versity of Illinois, is one step toward
meeting these minimum qualifications
for registration and it would be folly
for you not to capitalize on your prog-
ress to this point by failing to start the
registration process before you go out
into industry.
The thought of registration scares
many student engineers since they are
now concerned with courses in senior
design that may not be utilizing some
theoretical subjects such as fluid me-
chanics, thermodynamics, etc. in a verv
specific manner. Students get "rustv"
if they do not use their knowledge day
by day. Triple integration may cause
quite a problem for you today whereas
it may have helped you "ace" an all im-
portant hour axam when you were a
sophomore. Because of these factors, I
am afraid many graduating seniors hesi-
tate to sign up for an examination that
may reveal some weaknesses that have
occurred simply through the passage of
time.
Such anxieities have been recognized
by local student groups in mechanical,
civil and electrical engineering. They
have organized refresher courses specifi-
cally for those students who wish to
take their theoretical examination for
registration. These courses will be
taught during the Spring Semester 1961
and you should watch the bulletin boards
for dates. They usually consist of one
evening session per week for five to
seven weeks duration.
A typical review course offered re-
cently had the follownng outline:
Session I—Hvdraulics. Specific Grav-
ity
Session II—Dynamics - Kinetics and
Kinematics
Session III—Heat Problems. Gas
Laws, Chemistry
Session IV — Machines. Efficiency,
Engines, Thermal Stresses
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Session V—Mathematics
Session VI—Electricity, DC and AC
Circuits, Motors
Successful completion of this course
does not guarantee a passing grade on
the examination but I can assure you
that those who have taken the refresher
courses have enjoyed a much higher de-
gree of success on the examinations than
those who didn't.
The National Society of Profess'onal
Engineers, in general, and the Iliinos
Society of Professional Engineers, spe-
cifically have sponsored review courses
for engineers in industry through the
L niversity of Illinois Extension Divi-
sion. These refresher courses enable the
practicing engineer to "bone up" on the
theory behind his engineering practice.
The portion of the registration examina-
tion which is based on theory then be-
comes a more easily obtainable goal. Re-
fresher courses have been oli'ered at 20
or 30 locations throughout the state of
Illinois for practicing engineers. These
courses are taught by members of the
staft at the L niversity of Illinois.
Courses are offered at any location re-
quested if 15 or more persons signify
an interest in registering for the course.
This program has been in effect since
1Q40.
How Do I Register?
Graduation from the L niversity of
Illinois and passing the theoretical ex-
amination will qualify you for a certifi-
cate as an "Engineering-in-Training."
The steps that you would take to .ic-
complish registration as a professional
engineer would be as follows:
1. Take a refresher course if you feel
it is necessary.
2. Apply for and take the Engineer-
ing-in-Training examination. Deadline
for filing is April 4. 1961. and the ex-
amination will be given on May 4, 1961.
3. Engage in at least 4 years of pro-
fessional engineering work in the field.
4. Apply for and take the final ex-
amination for registration which is based
on a demonstration of profe.ssional cali-
bre engineering accomplishments.
That most important step, passing the
theoretical requirement, can be taken
while you are still on campus. If you
fail to do this now, it can only be more
difficult for you in later years when
\ou decide that \ou do wish to become
a registered professional engineer.
"Strike while the iron is hot" could not
be a more apt expression for the engi-
neering senior .soon to embark upon his
professional career.
Engineering students at the Uiu'ver-
sity of Illinois are particularly fortunate
to have a member of the State Board of
Engineering Examiners on our campus.
Prfofessor W. VV. Hay in the Depart-
ment of Civil Engineering has recently
been appointed to the State Board filling
the vacancy created by the death of the
late Professor T. C. Shedd. Professor
Ha\ is always glad to discuss registra-
tion with anyone who desires more in-
formation about the subject. His office is
located in Room 310 Civil Engineering
Hall.
Two very interesting and informative
publications are available from the Na-
tional Societv of Professional Engineers,
1121 l^th Street N\V. Washington 5,
D.C. These publications are "Next Step
—Registration," .->nd "Q and A About
Registration for Engineers in Industry."
The former publication is of special in-
terest to the seruor in engineering, since
ti outlines specifically the steps to take
towanl final registration as a profession-
al engineer. The latter publication is of
primary interest for the engineer in in-
dustry, as the title indicates. However,
much information of interest to an>one
planning a career as a professional engi-
neer may be found in that publication.
I hope that you will acquire at least one
of these publications and read it critical-
ly in an effort to arrive at a decision as
to whether or not you should register as
a professional engineer.
Many states have established a system
of reciprocity with regard to registration
as a professional engineer. Reciprocity
means that special concessions are grant-
ed to professional engineers of another
state when that particular state grants
special concessions to registered engi-
neers of our state. Reciprocity does not
mean that the state of Illinois relaxes
minimum standards for registration sim-
ply because an engineer already has a
certificate from another state. The out-
of-state engineer must be as qualified
as any other person registering under our
Act, but the process is simplified and
streandined for him. In like manner, if
you are registered in our state and your
career takes you to another part of the
United States, you may find that regis-
tration in your new home will be great-
ly facilitated because of your recogiu'zed
standing as a professional engineer in
the state of Illinois. Begin to plan now
for that all important next step— Regis-
tration.
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We're not looking for a
direct answer.
This is just to remind you
that a good knowledge of
miniaturization is worth having
— wherever you go in the
world of engineering.
Keeping engineering minds
well-informed on the latest
progress in — and with —
MPB miniature and instrument
bearings is one of our main
objectives. MPB bearings are
made in over 500 types and
sizes, with O.D.'s from S/S"
to l/lO". They are used in
over 16,000 applications,
ranging from dental
handpieces to missile systems.
Magnificent Miniatures,
a 16mm color and sound film,
pictures the manufacture and
uses of MPB bearings. The new
comprehensive MPB catalog
with basic engineering informa-
tion, describes the complete
line and many applications.
Both are available to your
class or group, without charge,
from Miniature Precision
Bearings, Inc., 35 Precision
Park, Keene, N. H.
Helps yon perform
miracles in instrumentation
THE SOUND OF
Doom!
Science Fiction
by Barbara Pierce
John Redmon sat up in bed and
turned his head slowly from side to side.
He tried to detect where the faint buzz-
ing, which had awakened him. was com-
ing from. After several minutes, he
pulled on his robe and began searching
the apartment. Ten minutes went by,
and he had found nothing. Twent\- min-
utes, and his head was throbbing under
the constant buzz, buzz. buzz. He
stumbled back towards the bedroom,
clasping his hands over his ears. But it
continued and mushroomed from a faint
murmur to an ever-increasing roar.
Then John brushed against a table,
sending a lamp crashing to the carpet.
He clung to the door frame for support
as the living room spun around him.
Just as Karen, his wife, rushed from
the bedroom, he slumped to the floor.
She knelt beside him and called his
name. When he didn't respond, she rose
to call the doctor.
"Doctor Jamison, this is Karen Red-
mon. John has passed out, and I can't
rouse him. It must be the buzzing
Pie bur • r
As Karen replaced the phone, she be-
gan cr>nng in short, gasping sobs. Then
she forced back her tears and rushed to
the kitchen for a cold cloth. She re-
turned to find John staring at the ceil-
ing, his forehead covered with sweat and
his ^vhole body trembling with fear.
"John . . . John, are you all right? '
Not noticing his wife, he began lash-
ing the air with his arms, like a drown-
ing man coming up for the last time.
Then he spoke in a loud, pleading
voice.
"Stop ! Stop ! Don't punish me any
more! I had to leave you. I had to save
myself. I couldn't have helped you
;
nothing could have."
He repeated the words over and over,
while Karen merely stood by his side
and waited for the doctor. She had
been told before not to touch or talk
to him until someone was there to help
her.
Finally the doctor arrived and gave
John an injection to quiet him. Then
the doctor and Karen managed to get
him into bed. They made him as com.-
fortable as possible, and they went into
the living room.
"I don't know how much more I can
take. Even- time is worse than the last.
I can't stand seeing my husband go in-
sane and doing nothing to help him."
"I know it's hard. But there's noth-
ing we can do. You know that ! He
doesn't even realize what the buzzing
is when it starts or that he's heard it
before. When he comes out of that
faint, he just remembers how he left
those six dying men up there."
"But why should there be any buzz-
ing? Why should he feel guilty? He
couldn't have helped those poor devils.
It was just chance that he didn't leave
the space ship when they got to the
moon. If he had, he would have been
killed by those insects, too."
Her voice trailed off. Suddenly she
thought he wouldn't be suffering now.
The psychiatrists had been able to find
out what had happened on the moon,
but they had failed to stop the buzzing.
No, nothing could rid John Redmon
of this sound of doom except death.
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AT RAYTHEON...
Scientific imagination focuses on . . .
RADAR
. . . INFRARED . . . MISSILE SYSTEMS
. COMMUNICATIONS & DATA PROCESSING
MICROWAVE ELECTRONICS . . . SOLID STATE
. SONAR . . . ELECTRON TUBE TECHNOLOGY
Positions designed to challenge your scientific
imagination are offered by Raytheon Company to
exceptional graduates (Bachelor or advanced degree)
in EE. ME, physics or mathematics. These assignments
include research, systems, development, design and
production of a wide variety of products for
v.-j^ commercial and military markets.
Facilities are located in New England,
California and the South.
For further information, visit your
placement director, obtain a copy of
Raytheon . . . and your Professional
Future", and arrange for an on-campus
interview. Or you may write directly to
Mr. J. B. Whitla, Manager-College Relations,
1360 Soldiers Field Road, Brighton 36, Mass.
RAYTHEON.
Excellence in Electronics
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Our Changing Campus
by Bob Podlasek, C. E. '64
Unique in concept, design, and con-
struction is the L niversit\' of Illinos
Assembly Hall now being built just
south of Memorial Stadium. Perhaps
the most impressive fact about this build-
ing is that it will have the world's
largest reinforced concrete roof without
central supports.
The domed building, shaped much
like two saucers one inverted over the
other, will be 400 feet in diameter and
rise 100 feet above surrounding terrain.
Seating and central area will dip into
the ground so that the dome will arch
130 feet above the floor inside.
The hall is planned for a multiplicity
of uses—theater, ballet, s\Tnphony, con-
vocations, commencements, con\entions.
sports. It will seat 16.500 for events
such as basketball, which demand the en-
tire floor area, and will seat another
thousand for events such as lectures or
con\"ocations when the floor space also
can be occupied.
One-half of all the permanent seats
will be below ground level. This elimi-
nates balconies and excessive climbing to
reach the seats. Multiple exits around its
circumference will enable it to be filled
or emptied in brief time.
Circling the building at ground level
will be a glass and steel enclosed con-
course 30 feet wide. 1,100 feet in total
length which also can be used as dis-
play space for events such as the Illi-
nois State Junior Academy of Science
meeting held annually on the Illinois
campus.
Built-in facilities will provide for tele-
vision and radio broadcasting and for
press coverage of events, and will even
include a service elevator capable of
bringing a truck or an elephant to the
main floor if desired. Observation booths
and a small studio with transmission
over university or commercial channels
are also included for originating radio
and television broadcasts.
The building is supported on a con-
tinuous ring footing located thirty feet
below grade and forming the founda-
tion for 48 supporting buttresses. Be-
tween the buttress formations, light
weight reinforced concrete construction
will support the permanent seats.
To prevent the accumulation of water
during the first stage of building,
ground within the bowl has not been
excavated and a 100-foot temporar\'
steel tower has been built here to sup-
port the center of the dome during con-
struction.
The dome, which will be constructed
of lightweight concrete, will be poured
in segments, with those opposite each
other made at the same time to keep
the structure balanced. Each dome seg-
ment will have a series of complex cor-
rugations or folded plates, for both
strength and accoustical purposes.
A tension ring of 503 miles of 3 16-
inch hard drawn steel wire will circle
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the dome. This tension ring will contain
the horizontal stresses and transfer all
forces to the huttresses helow. A 10-
inch I-beam will be installed around
the circumference of the dome to mount
and operate a winding machine weigh-
ing approximately 10 tons. The wire
will be stressed to 120,000 pounds per
square inch during the winding opera-
tion. This whole winding process will
take six continuous weeks, and must be
accomplished when the temperature is
not lower than 40 degrees with \aria-
tions not greater than 1 5 degrees. The
tension ring will have a total cross sec-
tional area of 85 square inches and be
entirely encased in "Gunite" concrete
on completion.
During the process of "tensioning"
the ring, the center of the dome will be
raised three inches above the forms on
which the sections have been cast to
allo\v more efficient disassembly of the
forms and the 100- foot tower. After
these have been disassembled, some 35
feet of earth inside the structure will be
excavated and the bowl and seating com-
pleted.
Electrical serxice facilities will be
served by three dry-type transformer
vaults with total capacity of 3,000 kva.
Dual secondary voltages of 120/208
volts, 3 phase, 4 wire, wye will be used
for general lighting, and 440 volts, 3
phase, 3 wire delta for power distribu-
tion. Overhead illumination wdl be sup-
ported from a steel grid or service cat-
walk system 85 feet above the finished
floor, and include many different types
of fixtures as required for the various
uses of this unique building.
Mechanical heating and ventilating
systems will be of low velocity air dis-
tribution type. Offices and public rooms
to be located on a level beneath the con-
course will have hot water radiation on
exterior walls. Supply fans will be lo-
cated in equipment rooms on north and
south sides of the building. At present
air conditioning will not be installed
for the auditorium.
There is nothing in the world today
like this building, and its construction is
a structural engineering feat. Harrison
and Abramovitz of New York are the
architects and Siska and Hennesy of
New York, the mechanical and electri-
cal engineers. Ernest L. Stouffer is the
university architect, and Felmley-Dick-
erson Co. of Bloomington and L rbana,
headed by Ra\' Dickerson, a member of
Champaign Coinity Chapter, Illinois So-
ciety of Professional Engineers, are the
contractors.
Construction of this $7,500,000 build-
ing started May 25, 1959, and is sched-
uled to be completed bv September 1
,
1962.
Profits from Shiny New Coins
by Carl Stehtnan, '61
In the past five years some wise peo-
ple have been investing their money at
the nearly unheard of rates of 20*^;
yearly and greater! Many of these in-
vestments cannot possibly drop below
par value, and can be recovered at or-
iginal cost (no broker's fees either)
upon a moment's notice. Profits are
capital gains, and hence are not taxed
at a rate greater than 25 '7. Capital re-
quired may be as low as 50c and every-
one with access to a bank can make
these investments by merely purchasing
rolls of shiny new coins.
Every year, billions of these brilliant
coins tumble out of the L nited States'
minting machines and, by way of our
banking system into the hands of stores
and their customers. Recently investors
have been buying rolls of these mint
new coins, and the results of their in-
\estments have been rewarding. Those
who spent 50c in 1955 for a roll of
shiny new pennies are now able to sell
that roll for at least 54.00, and per-
haps $7.00 depending on where the pen-
nies were made. ^lint new nickels
bought in 1950 are now worth $50 a
roll and perhaps Si 50, again depending
on where they were minted.
To explain the spectacular rise in
value of these coins, we must explore
briefly the world of coin collectors,
sometimes known as numismatists (
a
treacherous word to pronounce).
Of the more than two million numis-
matists in the United States, a majority
average at least three hours a week try-
ing to improve their collections. This
impro\ement is made in two ways
simultaneously.
First, "another hole is filled." This
means the collector has acquired a coin
to fill an empty hole in his display board
or folder. Four clues determined what
coin was needed to fill that hole.
The first clue is denomination of the
coin-penny, nickel, dime, or what? Per-
haps it is one of the now extinct de-
nominations such as twenty cent piece,
a three dollar gold coin, or a half penny.
Display boards and folders are designed
so that a given denomination coin fits
snugly into a hole of the proper size.
Second clue is the coin's date—this is
usually printed on the display board
under the hole for the particular coin.
The United States Mint first officially
minted coins in 1792. and has minted
them in at least one denomination every
year since then. The date of mintage is
found on the heads side of everv one
of these coins with the exceptions of
one dollar gold, three dollar gold, some
commerative coins, and coins that are
worn so smooth that the date is no
longer readable. None of these concern
the investor interested only in modern
uncirculated rolls.
As a third clue it will be noted that
a small letter follows many of the dates
printed on the display board. This let-
ter, called the mint mark, is an abbrevi-
ation for the location of the mint at
which the coin was made and is found
near the date or on the tails side. If,
there is no mark, either on the display
board or on the coin, the coin was mint-^
ed at the United States' main mint
which is located in Philadelphia. The|
only other mint which currently in oper-
ation is the branch mint at Denver!
whose mint mark is D. Until late 19551
a branch mint was operated at San Fran-
cisco and used the mark S. Other branch!
mints, all of which were closed morel
than fiftv vears ago, are New Orleans!
(O). Carson City (CC), Charlotte|
(C), and Dahlonega (D, gold only).
The fourth clue is type and variety.l
Usually collections are assembled inl
series of a single type or design coin!
such as the Lincoln cent or the Wash-
1
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ington quartt-r. Within the type, varie-
ties occur whenever one of the many
dies used for that type is slightly differ-
ent in design. Examples of such varieties
are the 1Q(W Lincohi cent with a V.D.B.
on the tails side (designer's initials, later
removed) and the 1942 dime with the
2 struck over a 1 (the die was original-
1\' intended for use in 1941). Varieties
often prove to be the rarest of coins,
and can make a collection quite difficuit
to complete. I" or this reason some col-
lectors do not consider them a necessar\-
part of the usual coin display. Indeed,
many varieties exist which go uncol-
lected by anybody—the whim of the col-
lector controls their popularitv.
Finding all the varieties, mint marks,
and dates necessary to complete a series
is a long tedious process. While the\'
are waiting to fill those last few holes,
numismatists improve their collections
h\ a second method—upgrading, the re-
placing of a coin with a similar one of
better condition.
The spectrum of coin conditions
ranges from fair, a coin worn smooth
with the date barely visible, to proof,
a coin struck under perfect conditions
and showing all detail in high relief.
Proofs are struck especially for collec-
tors by the Philadelphia mint only. The
most desirable specimens a\ailable from
a branch mint are of the next lower
grade, that of uncirculated.
To be uncirculated, a coin must still
meet stringent qualifications. Its fea-
tures are exactly as they were when the
coin left the mint. None of the high
spots show a trace of wear. Once a
coin has been dumped from the bank
wrapper into a cash register drawer and
then handed to a customer, it invari-
ably becomes slightly worn and is no
longer uncirculated. Another require-
ment of recent uncirculated coins is that
they be as shiny as the\- were when they
left the mint. Carelessly handled and
unprotected coins become fingerprinted
and tarnished. The fact that a coin can-
not be uncirculated once it has been
handed to the customer is what inter-
ests the in\estor. He knows that once
the year has passed no more uncirculated
coins of that date will be available ex-
cept from people like himself who have
intentionally kept them out of circula-
tion. This is the hinge on which specu-
lation swings.
The collector is constantly striving to
place uncirculated specimens in his col-
lection, and is usually willing to pay
a premium (sometimes surprisingly
high) for these coins. At the same time
I new collectors are always popping up
I and old ones are starting new collec-
! tions. Choice specimens are constantly
i being lost through accidents and carc-
I
less handling. The result—there are
never enough shiny new coins to go
around and the demand creates a natural
situation for in\estment.
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Arrows point to location of mint marks on modern day coins.
Example of a cent variety occurring in 1960. The cent on the right has a
slightly smaller date—a very subtle difference, but one that has caused
chaos in the ranks of collectors and investors.
The investor's stock requires a certain
amount of coins, and thus he creates his
own false demand. A good example of
this phenomenon in action is the 1952
Denver nickel. During the first half of
1959 an uncirculated roll of these sold
for about $15. During the fall and win-
ter of 1959 investors suddenly realized
that, while there were plenty for col-
lectors just then, there were not enough
for each investor to ha\e as man\' rolls
as he would like to put away. Immedi-
ately the price of a roll jumped to $80,
a purely specidative price that would
never exist were it not for false demand
created by the trading among investors
themselves.
The two techniques used in acquir-
ing rolls of luicirculated coins, buying
directly from a hank and buying from
another in\estor or dealer, ha\e already
been lightly mentioned. The first is of
course the most desirable since no prem-
ium is involved, and disregarding infla-
tion one's investment can never drop
below what has been sunk into it.
It is helpful to know a teller or have
a merchant friend who banks every day
and can keep on the lookout for uncir-
culated coins. When these coins appear
in a certain denomination, they will be
wrapped together with no old coins
mixed in the rolls. But very few banks
get new coins in all denominations.
Fewer yet get coins from both mints.
(Cnntiniicd on page 36)
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Wlxat Tvoxildl YOU do
as an engineer* ;
Development testing of liquid hydrogen-fueled rockets is car-
ried out in specially built test stands like this at Pratt &
Whitney Aircraft's Florida Research and Development Center
Every phase of an experimental engine test may be controlled
by engineers from a remote blockhouse (inset), with closed-
circuit television providing a means for visual observation.
ratt & Whitney Aircraft?
Regardless of your specialty, you would work in a
favorable engineering atmosphere.
Back in 1925, when Pratt & Whitney Aircraft was
designing and developing the first of its family of
history-making powerplants, an attitude was born—
a
recognition that eugineeriiig excellence was the key
to success.
That attitude, that recognition of the prime impor-
tance of technical superiority is still predominant at
P&WA today.
The field, of course, is broader now, the challenge
greater. No longer are the company's requirements
Confined to graduates with degrees in mechanical
^nd aeronautical engineering. Pratt & Whitney Air-
f:raft today is concerned with the development of
ill forms of llight propulsion systems for the aero-
ipace medium—air breathing, rocket, nuclear and
Dther ad\anced types. Some are entirely new in
;oncept. To carry out analytical, design, experimental
)r materials engineering assignments, men with
iegrees in mechanical, aeronautical, electrical, chem-
ical and nuclear engineering are needed, along
Vith those holding degrees in physics, chemistry
ind metallurgy.
pecifically, what would you do?—your own engi-
eering talent provides the best answer. And Pratt
: \\hitney Aircraft provides the atmosphere in which
lat talent can flourish.
or further information regarding an engineering
&reer at Pratt & Whitney Aircraft, consult your col-
!ge placement officer or write to Mr. R. P. Azinger,
ingineering Department, Pratt & Whitney Aircraft,
;t Hartford 8, Connecticut.
^
At P&WA's Connecticut Aircraft Nuclear Engine Lab-
oratory (CANEL) many technical talents are focused
on the development of nuclear propulsion systems for
future air and space vehicles. With this live mock-up
of a reactor, nuclear scientists and engineers can
determine critical mass, material reactivity coefficients,
control effectiveness and other reactor parameters.
Representative of electronic aids functioning for P&WA
engineers is this on-site data recording center which
can provide automatically recorded and computed
data simultaneously with the testing of an engine. This
equipment is capable of recording 1,200 different
values per second.
Studies of solar energy collection and liquid and vapor
power cycles typify P&WA's research in advanced
space auxiliary power systems. Analytical and Experi-
mental Engineers work together in such programs fo
establish and test basic concepts.
PRATT & WHITIVEY AIRCRAFT
Division of United Aircroft Corporation
CONNECTICUT OPERATIONS - East Hartford
FLORIDA RESEARCH AND DEVELOPMENT CENTER - Palm Beach County, Florida
Technocutie . . .
WENDY JANE HORN
THE TECHNOGRAPH
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Our Technocutie this month is beautiful Wendy Jane
Horn, the type of girl that engineers dream about. She
:alls LaGrange, Illinois her home, specifically Indian
Head Park. She was born on a Halloween and has seen
iighteen of these very special days. Wendy is a sopho-
pore enrolled in Elementary Education, and we might
ust mention that she has a five point all University
jiveroge. Wendy has a long list of favorites. According
p reliable sources, she likes to read and play the piano,
he Union Tavern, snow-ball fights, and baked potatoes
mothered in butter also rate high on her list. Her pet
peeve is finding people who have never heard of Indian
Head Park. Wendy is planning to go into teaching unless
some young engineer con change her mind.
Wendy Jane measures 34-22-34 in the right places
as the photographs will attest. She stands a full 5 feet
3 inches toll. The fact that she has no brothers and
sisters is well compensated for by twenty-nine cousins.
If we tell you thot Wendy is a pledge of Alpha Chi
Omega, we are sure you engineers will find a way to
get in touch with her.
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STU'S EXPLAINING HOW MACHINES WILL
SOME DAY "OUTTALK" PEOPLE
"Stu" Smith graduated from Southern Cal
with a powerful yen for excitement. His kind of
excitement— Engineering.
He got what he bargained for (and a Httle
more^ when he joined Pacific Telephone. One of
Stu's early assignments was to find out how
existing Long Distance networks could be used
to pipeline high speed "conversations" between
computers in distant cities.
The fact that he did a fine job did not go
unnoticed.
Today, four yeai-s after starting his tele-
phone career, Senior Engineer Stuart Smith
heads a staff of people responsible for telegi'aph
and data transmission engineering in the huge
Los Angeles area. As a pioneer in this new data
transmission field Stu predicts data processing
machines will some day do more Long Distance
"talking" than people.
Stu contacted 12 other companies before join-
ing Pacific Telephone. "I don't think there's any
limit to where a man can go in the telephone
business today. Of course, this isn't the place for
a guy looking for a soft touch. A man gets all the
opportunity he can handle right from the start.
He's limited only by how well and how fast he
can cut it."
If Stu's talking about the kind of opportunity
you're looking for, just visit your Placement Office
for literature and additional information.
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Our number one aim is to have in all
management jobs the most rital, intelli-
gent, positive and imaginative men we
can possibly find."
Frederick R. Kappel, President
American Telephone & Telegraph Co. BELL TELEPHONE COMPANIES
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THERMOELECTRICITY
. . .
(Continued from page 13
)
will be able to construct generators with
over-all efficiency of 20 per cent, an
efficiency level at which there would be
many important applications for thermo-
electric generators operating in the 1000-
kilowatt range.
Projected Applications
In addition to certain military appli-
cations of thermoelectric generators
which are expected to materialize, there
are commercial applications that appear
feasible in the near future. One of these
is a thermoelectric power supply for
communication and instrumentation
equipment at locations along natural gas
transmission lines in the manv regions
of the country where pipe lines and
power lines are widely separated. An-
other similar application is thermoelec-
tric power supplies for cathodic protec-
tion of oil well and pipeline equipment.
Power requirements for such applica-
tions range from several watts to about
100 watts and are well within the ca-
pacity of today's technology.
Applications involvin';; larger powcr
levels will, of course, depend on nn in-
crease in the efficiency of thermoelectric
power generation, but it is possible now
to visualize thermoelectric power sup-
plies in which a nuclear - reactor - ener-
gized thermoelectric generator included
within the pile but equipped with ex-
ternal cooling loops would approach an
over-all efficiency of 20 per cent for rat-
ings in the megawatt range.
Major problems lie before us, of
course, before such applications are prac-
tical but we are confident that thermo-
electricity will be a very important ele-
ment of the technology of the 1960's.
We expect to be successful in our ef-
forts to develop materials with efficien-
cies of 30 per cent or better and to de-
sign generators capable of giving us
over-all efficiencies of at least 20 per
cent. Equally important, we are confi-
dent too that we will soon have per-
fected the manufacturing methods that
are necessary for the economical produc-
tion of large-surface thermoelectric ele-
ments in quantity.
A Word About . .
.
In a Nutshell
Latest advancement in the race to
shrink precision servo-motor gearheads
for space-and-weight savings is the tiny
"size five" unit. The new unit, only
one-half inch in diameter, is the world's
smallest transmission. A dwarfed des-
cendant of the familiar automobile trans-
mission, the miniature, precision gear-
head produces ratios up to 2,025-to-l,
and is machined in tolerances far more
exacting than those of a fine watch.
AERONAUTICAL
ENGINEERING
aiihe
UNIVERSITY OF ILLINOIS
I
Today, in the age of high speed air-
craft, ballistic missiles, and space ve-
hicles, the Aeronautical Engineer is
more and more in demand. The student
who elects aeronautical engineering as
a career has a challenging opportunity
ahead ; that of contributing to man's
conquest of sky and space. In all prob-
ability, one of the first men to travel
into space will be aeronautical engineer.
The main branches of aeronautical
engineering are aerodynamics, struc-
tures, propulsion, and design. However,
the rapid advances of the field have in-
troduced many new branches which
formerly belonged solely to the realm
of the theoretical physicist. Among these
are orbital and celestial mechanics, mag-
netohydro- and gas-dynamics, as well as
phases of kinetic theory, atomics, and
nucleonics.
Aeronautical engineering requires a
strong background in mathematics and
physics. The first two years of the cur-
riculum emphasize these subjects, but
also include such courses as manufactur-
ing processes, modern history or politi-
cal science, and the basic freshman
courses common to all engineering cur-
ricula. Beginning in the third year, the
student gets his introductory course in
aero, a course in aerodynamics of per-
fect fluids which gives the student the
basic theory of fluid flow, thin airfoils
and finite wings. Mathematics to or in-
cluding advanced calculus is prerequisite
for this course. At the same time, courses
such as thermodynamics, mechanics of
materials, and electrical and metallurgi-
cal engineering are taken.
As the student advances, he receives
training in aircraft structures, aerody-
namics and thermodynamics of compres-
sible and viscous fluids, aircraft propid-
sion, and airplane and space vehicle de-
sign, as well as laboratory courses in
these subjects. The student may also
elect courses in rocket propulsion, or-
bital mechanics, or advanced aerody-
namics, among others. By the time the
aeronautical engineer finishes his train-
ing, he is well equipped to enter this
rapidly advancing profession, whether it
be in research, development, teaching,
or what have you.
However, the function of the Aero-
nautical Engineering Department does
not end witli the education of under-
graduate engineers. A great deal of re-
search is also being carried out by the
department on the graduate level. Many
projects are being done by graduate stu-
dents as one of the requirements for an
advanced degree. Other projects are car-
ried out by faculty and staff and are
sponsored by the department or the En-
gineering Experiment Station. Still
others are sponsored by the government
or by private industry.
Among the research being done in
the department are a study of high
strength shock phenomena, using the
Mach 20 shock tubes constructed by the
department and studies of the aerody-
namics of gliders and delta wings. Also
being undertaken is the development of
the Tesla Turbine, which operates by
friction of gas on flat discs instead of
using the conventional turbine blades,
thereby greatly reducing weight, com-
plexity, and costs and at the same time
making possible operation at higher tem-
peratures than possible with the con-
ventional gas turbine.
Work is also being done to develop a
hypersonic wind tunnel to sinuilate re-
entry conditions for ballistic missiles and
space vehicles. The source of power for
the wind tunnel is a high-intensity elec-
tric arc which heats the air to tempera-
tures of more than !/<> times that of
the sun's surface.
The student who undertakes gradu-
ate work in aeronautical engineering has
a chance to work on a project of his
own, as well as a chance to work on
one of the departmental projects as a
graduate research assistant. He also is
able to choose his courses to emphasize
the branch of aeronautical engineering
which interests him most, to a far great-
er extent than is possible in undergradu-
ate work.
In all, the future of the student in
aeronautical engineering is very bright,
with endless opportunities open to him
in this rapidh' advancing profession.
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Winter by John Ernest, I. E. '64
(The foUoiiing is included to dis-
t>rove the old idea that engineers can-
tot urite. This is a good example of
>he themes that many fresh/nan urite:
'ead one man's concept of uhat uinter
Jioitld be. Ed.)
As I drove to school that brisk day
n January of 1959, I could sense that
Decatur was due for a change of weath-
er. Huge black clouds roamed the dark-
;ned sky, and the temperature was drop-
jing steadily. The wind was beginning
:o sway the trees, and small whirlwinds
icurried about. The weather seemed to
3e building to a climax, which would
3e reached at any moment.
By noon, not only had the tempera-
:ure dropped to eight degrees above
^ero, but the wind had reached a speed
)f fifty miles per hour. An hour later,
Decatur was in the midst of a drench-
ng rain. This rain, combined with be-
ow freezing temperatures and gale-like
,vinds, produced a violent stomi. Ice
,vas everywhere, and soon power lines
jegan to snap because of the force of
:he wind and the weight of the ice that
rovered them.
At one-thirty, school was dismis,sed
because of power failures. I am usually
o\erjoyed to get out of school early,
but on this particular day I was not too
eager to step out into the blinding
stomi. Finally, I gathered enough cour-
age to dash to m\ car; but, when I
reached the car, I was enraged to find
that the doors were frozen shut. After
several attempts, I managed to pry open
a door with a metal bar. I then started
the car and drove toward the parking
lot exit.
Drixing conditions were terrible. The
streets were extremely slick and visibil-
ity was very poor. Cars were stalled
along every street and live power lines
were dangling from bent over poles.
I drove toward home xery slowly, but
when my car stalled on a hill, I was
forced to travel the remainder of the
way on foot.
Walking in this weather was even
more difficult than dri\ing in it. I was
completely co\ered with ice, and with
the wind blowing toward me it took a
considerable amount of effort to trudge
onward. Finally, I arrived at home
where I changed into dry clothing. That
REFRIGERA TING
ENGINEERS
Have more fhan doubled fhe capacity of
synthetic rubber reactors with an improved
and patented cooling system—one of many
Frick developments of vital Interest to de-
fense, to industry, and to business.
When you take the FrIck Graduate Training
Course you enter a grov^th program, with ex-
cellent pay and exceptional opportunities.
Get full details today from your College
Placement Office or from
FRICK COMPANY
ESTABLISHED 1853
Waynesboro, Pennsylvania
night when I went to bed, the wind was
still hurling the freezing rain against
everything in its path.
The next day the storm had ceased,
but the temperature was still below
freezing. Thus. ever\thing in sight was
incased by ice, which provided a ma-
jestic appearance to buildings and trees.
Although the storm had created a very
beautiful .scene, it had also caused much
work for most of the following people:
lineman, tow truck operators, doctors
and nurses, street workers and police-
men.
Although, I usually enjoy wintry
weather, I hope that I am never forced
to encounter a storm similar to the one
of 1959. When I think of wintry weath-
er, I like to imagine fluf?y white snow-
flakes gently descending upon an already
whitened terrain ; not of freezing rain
causing physical conditions to be miser-
able.
Housing Boom
A Florida home developer is using
dynamite to blow earth together instead
of apart. By setting off sizable blasts
20 feet down in light, sandy soil, the
developer is packing the sand hard
enough to support the weight of homes
he plans to build.
World Adopts New Standard
Of Length
The world adopted a new interna-
tional standard of length—a wave-
length of light—replacing the meter bar
which has served as the standard for
over seventy years. The new definition
of the meter as I,65fl,76.v73 wave-
lengths of the orange-red line of kryp-
ton 86 will replace the platinum-iridi-
um meter bar which has been kept at
Paris as an international standard for
length since 1SS9 under the Treat\' of
the Meter.
Music from Below
The subterranean music from the
famed "Stalacpipe" organ deep in the
Caverns of Luray, V^a., is getting a sci-
entific touch as small threaded rods of
Allegheny Ludlum Steel Corporation's
AI^4750 alloy steel are bolted rigidly
through the ancient stalactite "pipes" of
the instrument. After the stalactites
have been struck by rubber-tipped ham-
mers, the alloy bolts vibrate with the
rock, close to tiny wire-wound magnets.
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Nuclear Power and Its Applactions—Part II
Electricity from the Atom
by George Carruthers, Aero. Eng. '61
I
When uranium or plutoniuni fissions
in a nuclear reactor, most of the energy
given off eventually appears as heat.
Therefore, any device which produces
electricity from nuclear energy works
on the same principles as those using
more conventional power sources—the
main difference l>eing that, in the case
of the nuclear power devices, the heat
source is almost inexhaustible.
In the first article of the series, it
was shown that the major parts of any
nuclear reactor are (1) fuel, (2) mod-
erator, (3) reflector, (4) coolant, (5)
shielding, and (6) control mechanisms.
It is in the coolant that lies the means
of extracting heat from the nuclear re-
actor, as it is shown in thermodynam-
ics that no power can be extracted
unless there is a temperature difference
between two points.
There are two main types of metli-
ods for extracting power from a nuclear
reactor or from a heat-emitting radio-
isotope. These are the direct methods
and the indirect methods. In the indi-
rect methods, a coolant is passed through
the reactor and is heated to a high tem-
perature. This coolant, which is made
radioactive due to bombardment bv re-
actor neutrons, is pumped to a heat
exchanger where it gives up its heat to
a secondary coolant, which is not radio-
active. The secondary coolant is turned
into a high-pressure vapor in the heat
exchanger, and then is used to drive a
turbine which, in turn, drives an elec-
tric generator. Therefore, the net effect
is to replace a conventional coal-burning
boiler with a nuclear reactor and its
primary coolant loop. (See Fig. 1.)
In the direct methods, the reactor heat
is converted directh' into electricity
without the need of complex, inefficient,
and heavy heat-exchanging devices, tur-
bines, generators, etc. which are neces-
sary in the indirect methods. The main
types of direct methods are ( 1 ) thermo-
electric, (2) thermionic, and (3) mag-
netohvdrodvnamic.
-All of the large-scale nuclear pow^'r-
plants under constrtiction or in use in
the United States today are of the indi-
rect type. The indirect methods of pow-
er conversion are classified according to
the type of primary coolant and the type
of reactor used to generate the power.
Some of the main types are ( 1 ) boiling-
water reactor (BWR), (2) pressur-
ized reactor (PWR), (3) liquid-metal
coolant reactor, (4) organic-cooled and
moderated reactor, and (5) gas-cooled
reactor. Reactors also can be classified
as either homogeneous or heterogeneous
types ; in the former, the fuel and mod-
erator are mixed together, whereas in
the latter the fuel is formed into ele-
ments which are placed into spaces in
the moderator. Homogeneous reactors
can have either solid or liquid cores;
in the latter, the fuel-moderator mix-
ture can serve as its own primary cool-
ant (see Fig. 2).
Perhaps the best example of the boil-
ing-water type of reactor system is the
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Diesdcn Xuclcar I'owcr Station of tlie
Cominonwealth-Kdison Company, locat-
ed 50 miles southwest of Chicago, which
went into full-power operation June 29,
1Q()(I. The plant, built ;it a total cost
of over #5I,UU(J,()(IU, is the (irst privately
financed, full-scale nuclear power plant
to go into operation in the L nit'.'d
States. The 18(),()(K)-kilowatt plant is
also the largest operating ruiclcar power
station in the world. Its output is suf-
ficient to serve a cit\ of 200,000 people.
1 he power source for Dresden it the
Cjeneral Electric dual-cycle boiling wa-
ter reactor, an advanced design of the
single cycle boiling water reactor de-
veloped by Argonne National Labora-
tory
Water is boiled by fission heat inside
the reactor core ;uid proiiuces steam at
545°F. The boiling water rises through
large pipes to a huge steam drum where
water and steam are separated. Primary
steam is piped to the turbine-generator
at a pressure of 1000 psi.
The hot water separated from the
steam Hows down through four second-
ary steaam generators which produce
additional steama at 500 psi. This sec-
ondary steam Hows to the turbine for
admission at a lower stage.
The reactor contains 65 tons of nu-
clear fuel, consisting of uranium which
is slightly enriched so that it contains
slightly more than twice the U-235 of
natural m'anium. Dresden's first core
loading fuel is valued at $15,000,()(K)
including fabrication expense. The ini-
tial loading, which is expected to last
3j^ years, will produce as much elec-
tricity as 2,000,000 tons of coal. Al-
though the plant does not produce
electricity as cheaply as a conxentional
station, it serves as a stepping stone to-
ward the development of nuclear power
plants which will operate on a cost
level comptitive with plants binning
conventional fuels.
An example of a pressurized-water
reactor power station is the one at Ship-
pingport, Pennsylvania, which will have
an ultimate power output of 1^0,000
KW.
In a pressurized -water reactor, the
primary coolant water is held at a very
high pressure so that it cannot boil, even
at temperatures approaching 600° F.
This superheated water is pumped
I
through a heat exchanger, where it
I boils secondary water which in turn
drives the turbogenerators.
A portable pressurized-water reactor
power plant is scheduled for delivery
at Mc.Murdo Sound in Antarctica, in
I
1962. A plant of this type already is
in operation at a U.S. base near Thulc,
Greenland.
The liquid-metal cooled reactor has
several advantages o\er the water cooled
j types in that liquid metals, such as so-
dium or lithium, have excellent heat
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Fig. 1—(Top) Conversion of nuclear power to electricity.
Fig. 2— (Left) Liquid core reactor using uranium and a moderator in fluid.
(Right) Solid core reactor employing ceramic, cermet, or alloy of uranium
and a moderator.
Fig. 3— Full scale model of a reactor similar to the Snap Experimental Re-
actor. In an operational SNAP II device, heot from the reactor would be
transferred by a liquid sodium coolant to a boiler containing mercury,
which, in turn, drives a turbine. Photo courtesy A.E.C.
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Fig. 4— Direct type thermoelectric generator. Heat from fission converted
directly to electrical energy.
ELECTRICAL OUTPUT TERMINALS
^
\
MOLTBDEHUM CONTAIN.
UENT BLOCK SEALED
WITH TAPERED STEEL
PLUG
LEAD TELLURIDE N.TYPE ELE-
MENT "DOPED" WITH SODIUM.
ELLURIDE P-TTPE ELE.
DOPED" i»ITH BISMUTH.
-ECTRIC UNIT CON.
7 PAIRS OF ELEMENTS.
JUNCTION n07*C.)
ELEMENT ADJUST.
HEnt SCREW AND
COMPRESSOR SPRING
COPPER containment SHELL
EVACUATED TO l-»>^ OF mER.
CURY. SURFACE TEMPERA.
TURE W<»c.
EAT SOURCE 1700 CURIES (0.38
GRAM) OF POLONIUM - 210 DOUBLE.
SEALED IN STAINLESS STEEL
Fig. 5—Artist's concept of SNAP III generator.
conductivity and heat-transfer proper-
ties which make them ideal for remov-
ing heat from reactor cores. However,
due to the fact that these substances
are corrosive at high temperatures, and
react violently with air or water, only
experimental reactors of this type have
been built, although the first civilian
sodium-cooled reactor power station is
scheduled for operation in 1*562.
The Atomic Energy Commission has
developed a 3-KW, 600-lb. sodium-
cooled reactor, with mercurs' as the sec-
ondary' coolant, for use in power gener-
ation in space vehicle systems. Known
as SNAP-II (Systems for Nuclear Aux-
iliary Power), the device uses movable
segments of the neutron reflector to
control the chain reaction instead of
control rods. See Fig. 3.)
The organic-cooled and the gas-cooled
reactors are still in the experimental
stage, although each looks promising
for future uses. The pebble-bed reactor,
an example of the latter, uses small
balls of uranium-graphite or uranium-
Beryllium oxide mixture loaded into a
hopper and cooled with helium gas. The
LAM PRE (Los Alamos Molten Plu-
tonium Reactor Experiment) is an at-
tempt also will be made to use the
primary coolant directly for running a
turbogenerator. The U.S. Army is de-
\eloping a mobile 300-KW gas-cooled
nuclear power plant weighing only 15
tons complete with shielding.
The direct-conversion devices ofifer
great advantages over the indirect de-
vices because of their inherently lighter
weight, a greater simplicity, and poten-
tially greater efficiency. This makes
them especially suited for auxiliary
power sources in aircraft and space ve-
hicles, and it is in this connection that
their development has been pursued.
The thermoelectric devices work on
the principle of the thennocouple, in
which a temperature difference between i
two joints of dissimilar metals sets up
an electric potential. A device using
theniioelectric conversion would have
one junction of each thermoelectric ele-
ment (the "hot" junction) in contact'
with the reactor fuel element or ra-
dioisotope container, and the other
("cold") junction in contact with the
reactor coolant or a heat-radiating sur-
face (see Fig. 4).
The "SXAP-III" device, developed
by the Atomic Energ)' Commission,
uses Poloniuni-210 as the heat source,
and generates five watts of power for ',
nearly a year. In the course of this >
time, the five-lb. device generates as ^
much electricity as 1450 pounds of the
best con\entional batteries. (See Fig. 5).
The thermionic devices work on the
same principle as does the filament of
an ordinary vacuum tube: a metallic
surface when heated to ver\- high tem-
peratures will emit electrons. If a cold .
collecting plate is placed nearby, elec-
trons will strike it and will bet up a
voltage on the plate with respect to the
emitting surface. If, as in an ordinary
vacuum tube, the space between the
emitter and plate is evacuated, the maxi-
mum power output is limited to a very
low value by a phenomenon known as
space charge. In space charge, the emit-
ted electrons tend to hang aroimd the
emitting surface instead of moving to
the plate, and, due to their net negative
charge, tend to discourage other elec-
(Continued on page 40)
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MARS ORBIT
EARTH ORBIT
ARRIVAL
DEPARTURE
FLIGHT PATH
FOR MARS
new areas of interest enhance careers
for engineers and scientists at Hamilton Standard
HAMILTON STANDARD DIVISION of United
Aircraft Corporation has long been a
dynamic force in the aircraft equipment
field . . . with an unmatched record of
stability and accomplishment. Typical of
Hamilton Standard's achievements are en-
vironmental conditioning systems which
are standard equipment on such aircraft
as the 1400 mph Convair B-58 Hustler
Bomber. Fast moving advances in space
technolog\', howe\er, pose new problems
. . . new challenges.
TO MEET THESE CHALLENGES Hamilton
Standard is conducting advanced research
and development on en\ ironmental control
problems for manned space vehicles. The
Moon Room pictured at right was specifi-
cally designed to assist engineers and
scientists in identifying and anahzing the
practical problems involved in CO2 re-
generation. Howe\er, within such sealed
experimental chambers studies can be con-
ducted to develop means of removing or
regenerating body heat, water vapor, nitro-
gen iind other contaminants given off by
man in a space vehicle. Several possibilities
e.xist for effecting each phase of control in
an en\ironment;il control s\stem. For ex-
ample, COj can be rcmo\ed by the freeze-
out method, chemical absorjition, physical
adsorption ;uid diffusion or filtration of
molecules. Consideration of the space en-
velope and tlie weight of equipment must
be made. In the case of CO2 this invohes
heat exchangers, regenerators, water sepa-
rators, blowers, vaKes and vents. Need for
secondary electrical power supplies to
operate equipment creates additional
problems.
OBVIOUSLY, UNDERTAKINGS of this nature
involve the utilization of a wide variety of
engineering and scientific fields of study
providing intellectual growth and career
satisfaction.
MISSILES & SPACE SYSTEMS HYDRAULICS ELECTRON BEAM EQUIPMENT
PROPELLERS ELECTRONICS GROUND SUPPORT EQUIPMENT ENGINE CONTROLS
ENVIRONMENTAL CONDITIONING SYSTEMS STARTERS
Visit your Placement Office to get your copy of our brochure, "engineering for
YOU AND YOUR FUTURE," Or Write R. J. Harding, Administrator—College Relations.
MOON ROOM—Leo Foiwell, BSME Wiscon-
sin '53. right, enters the Moon Room with
analyser as Sid Russell. BS Chem Rutgers
'52, checks CO; control. These young men.
who are in the Advanced Product Planning
Group, have played a major role in
actually designing and developing the
equipment and test programs for this
undertaking.
HAMILTON STANDARD DIVISION
an organization dedicated to Sciisnllfia ordSmcneertng SxjCellmce
UNITED AIRCRAFT CORPORATION
WINDSOR LOCKS, CONNECTICUT
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Skimming
Industria
Headlines
Edited by Wally Cwik
Construction Balloon
A military contractor in Wyoming
encloses work areas with a nylon bal-
loon to keep his construction crews
working on the worst winter days. The
inflated balloon measures 100 by 60 by
30 feet, and includes a 12 by 12 by 25
foot air lock for truck entry and a small
personnel air lock. A one-and-a-half
horsepower fan supplies air to keep the
balloon inflated.
Jet-Propelled Dirt
The Russians claim the development
of the "first Soviet jet earth-digging ma-
chine," with capacity of 4,000 tons per
hour. The Russians sa\- the blast from
a jet engine is used to remove rock to
a depth of six feet over a strip six-feet
wide and throw it up to 100 feet away.
Slipcover for Bridge
Steel trusses will replace New Jer-
sey's last covered bridge—the 88-year-
old Green Sergeant's Bridge in Hunter-
don County—this summer, but they will
be discreetly veiled. Wooden wall and
a shingle roof will fit over the new-
span, to mollify tradition-minded resi-
dents of the area. Builders hope to get
most of the wood for the disguise from
the remains of the razed bridge.
Inventors! Don't Give Up!
The government finds that 40 out of
every 1000 proposals submitted by in-
ventors as solutions to its publicized re-
search problems have some merit, ten
of the 40 ideas are worth testing, and
about 2\/> of the ten are finally adopted.
'Lid' for Lakes
The U. S. Bureau of Reclamation is
trying to devise a gigantic "lid" it can
use to halt water loss through evapora-
tion from artificial lakes and reservoirs
in the western U. S. It has poured some
200 compounds on test lakes so far, and
has found that cetyl and steryl alcohol
work best in thinly coating surfaces,
sealing the water in.
Keeping Cool Head
An air-conditioning imit that can be
worn over the head has been devised.
It consists of a fiber glass helmet and
face plate connected to a portable, elec-
trically-powered refrigeration system.
The system provides a flow of cool air
over the head and shoulders.
Ancient Helmets Updated
A replica of the ancient \isored and
crested Roman helmet has found its
place in the Navy's jet carrier age. The
helmets contain radios that enable deck
personnel to communicate over the roar
of jets. The visor contains a microphone
and the antenna is in the crest.
PROFITS . . .
( (lontiiund from pnyc 23)
Smaller towns where banks have less
turnover of coin may get uncirculated
pennies onh', and often get no new coins
at all. Banks that have a good local
source of coin such as from parking
meters and vending machines seldom get
new coins.
There are several ways around this
problem. One is to have a friend (in
parts of the country where needed coins
are more likely to be foiuid ) stockpile
I'olls until there are enough to make an
express shipment worthwhile. Vacations
are often planned to the proper area so
that express charges can be avoided.
Many friendships exist to satisfy this
\'erv function, usually on a reciprocal
basis.
At times all sources seem to fail. In
this case there are two choices of ac-
tion : pass up the rolls needed or buy
them from another investor or a dealer
who specializes in selling rolls. There
are pros and cons for each of these
choices.
For the very reason that one person
may not be able to acquire a certain
denomination, date, and mint roll, many
others may not be able to also. This
causes low supply in that particular issue
and thus makes it a better investment.
The reasonable dealer will be asking
only thirty to eight\' cents premium on
an uncirculated roll of the current year,
although there are exceptions where
some unusual situation has caused ex-
cess speculation on a certain issue. But
pa\ing a premium for rolls is a new
phnige in this type investment. It usual-
ly makes profits, but if prices shovild
drop it will create dispiriting financial
losses.
If making the plunge, deciding wheth-
er the premium is worth paying or not
is the investor's problem. There is no
exact set of rules for such a decision,
but some of the points generally con-
sidered follow. Most of these pointers
apply equally well to nonpremium in-
\estments when there is a large choice
of them a\ailable.
Choosing The Investment
Beware of paying high premiums for
apparently scarce ccins of the current
year. Often about the middle of the
year, the mintage (number minted) of
a particidar issue will be lower than
usual for that time of the year. This
causes many investors to get excited and
the premium on that particular coin
soars. Such a price increase draws more
investors into the picture who believe
"there must really be something here
—
look at the way other investors are buy-
ing." This causes even higher prices be-
cause of increased demand, and a vicious
circle is formed. Suddenly about Septem-
ber the mint makes more of the particu-
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lar coin and prices plunge downward
e\"en faster than they went up. This very
thing happened during 1960 when the
number ot Philadelphia nickels minted
was a comparatively low two million.
The roll price of these nickels had
worked its way to ?12.30 by August
v%-hen the Philadelphia mint started
minting more than a million nickels a
day, .sending their roil price cra,shing
downward to $2.75. Needless to sa\',
thousands of investors lost many thous-
ands of dollars.
Usually low mintage issues, which are
the reason for the soaring price phe-
nomenon di.scussed above, are good in-
vestment i.ssues if the total minted stays
low. Whenever the totti/ number is less
than normal the issue becomes scarce
and draws a higher premium. Actual!)'
low total mintage figures are surprising-
ly high. Sixty million pennies, fifteen
million nickels or dimes, two million
quarters or halves are mintages plenty
low enough to cause chaos in the ranks
of investors.
But low mintage issues are not the
only ones that develop short supply, and
hence good returns for the investor.
Occasionally a common high mintage
issue will slip by the investors with rela-
tively few investing in it. While there
are plenty of circulated specimens of that
particular coin a\ailable, uncirculated
specimens are comparatively rare. An ex-
ample of this would be the before men-
tioned 1952 Denver nickels of which
thirty million were made, but whose
price is $80 per roll uncirculated. An-
other, the 1949 Philadelphia half dol-
lar sells for S28(l per uncirculated roll,
yet the 1948 half dollar with about half
the mintage of its 1949 counterpart sells
for only $50 per roll. Because of just
such quirks the investor tries to cover
as broad an area as possible with his in-
vestment. Many investors try to put
away at least one roll of each denomina-
tion and mint each year (known as a
roll set), after which they begin to put
away extra rolls of whatever appears
to have high investment potential.
Penny, nickel, and dime rolls are
more frequently the choice for invest-
ments made after roll .set completion.
There are two reasons for this, the first
being that these three are more widely
collected than quarters and half dollars
and thus have a higher intrinsic demand.
The second is that to the collector, a
coin is a coin, and its face value has
nothing to do with its worth to his col-
lection. The premium on a half dollar
is therefore no more, and is in fact less
apt to reach a certain value than is the
premium of a penny. The investor is
more likely to make a $10 profit on a
roll of pennies than he is on a roll of
halves, yet his investment is so much
less on the pennies. Of course this policy
mav backfire if collectors find there have
not been enough quarters and halves
saved to fill the collections that exist.
Should this be the ca.se, supply will be
short, demand will go up, and with it
the prices.
The remaining two points to be dis-
cussed concerning investment choices are
first year issues and varieties. Let it suf-
fice to say that the first year of a new
type or design coin is seldom a good in-
vestment, the cause for this being that
the interest of man\- people is stirred by
the new design and they save that year.
But many lose interest after the first
year, creating a comparative surplus of
the coin. The exception to this rule
would be first year issues that have xery
low mintages.
Varieties are an item of true spec\i-
lation, since most of them are compara-
tively rare, but many go neglected and
unprofitable. Others, however, catch on
and become listed in the popular refer-
ence books, causing their value to multi-
ply rapidly for a while. .A few of the
1955 Philadelphia cents were struck
from a die that had been double en-
graved, causing a double imafre of every-
thing on the heads side of the coin.
When this coin was first listed in a
popular reference book in 1959 its value
( luicirculated) went from $15 to $60.
An uncirculated roll of them would now
be worth at least $3500! (And only six
years old !
)
A 1960 variety, the small date cent,
issued from both Philadelphia and Den-
ver mints has caused great excitement
already, even before any listing in the
reference books. On those cents issued
early in the year the dates ore actually
smaller in size than dates on the later
cents. Denver smalls first sold for $5.00
per roll and the Philadelphias for $200,
but in another example of how one
should be wary of high premiums, Den-
ver smalls now sell for only $3.25 and
Philadelphias have dropped to $75 per
uncirculated roll.
\o one can deny, however, that this
is a nice juicy and fast profit that many
.Americans, from housewife to executive,
have been able to cash in on by merely
being on their toes while at the local
bank. But the investor does not usually
want to sell his entire stock of such a
good issue, nor in ordinary cases does
he have the opportunity to sell for a
worthwhile profit until several years
have passed. In the time lapse that oc-
curs betwoen procurement and sale,
rolls must be preserved with the upmost
care if the original mint luster of the
coin is to be preseived, and with it the
highest resale prices.
Preservation of Uncircuioted Rolls
Copper, nickel, and siKer are all very
susceptible to chenucal discoloration.
Coins that are left in tile paper wrapper
in which thev came from the bank will
not stay brilliant. Both oxygen in the
air and sulphur in the paper will cause
the shiny surfaces to tarnish, and there
is no way to regain the original mint
luster once it has been lost. Plastic tubes
and sulphur-free paper are just two of
the many things sold for packaging un-
circulated coins so they will not tarm'sh.
The preference of most investors, how-
ever, is the old standby, tin foil, or in
these modern da\s, aluminum foil. Foil
is inexpensive and highly effective in
keeping unwanted elements away from
the coins. Paper bank wrappers must be
removed before rewrapping the roll in
foil. During this process care must be
exerci.sed not to touch the coins with
fingers or any object which will leave
tarmshing chemical deposits. The collec-
tor wants shiny, clean coins for his col-
lection, not fingerprints or other marks
of the coin's previous owners. Except
in ca.ses where the coin is scarce in all
conditions, the premium of it with such
discolorations is little or nothing.
Once his coins are protected from the
elements, the investor's problem is to
find a place where, what is often quite
a bidk of coin, can be stored. There are
of course innumerable such places, and
only a few will be mentioned. Perhaps
the most common is at the back of a
closet shelf, or in a corner of the attic.
Some people have been known to bviry
their rolls, just as plantation owners did
with their gold in days of the Old South,
but a more common place is the steel
filing cabinet. For rolls that represent a
large investment, one of the best places
is a safe deposit box at the bank. A box
large enough to hold 150 to 200 rolls
rents for about $6 per year.
Few people are lucky enough to have
a safe in the home in which to keep
coins, but an almost equal place found
in many American homes is the deep-
freeze. Most deepfreezes have locks on
them, are an unlikely place for prowlers
to look, and offer a good chance of sur-
vival for coins in case of fire. F"ires, in-
cidently, have been the undoing of many
uncirculated roll investments in the
past, for inevitably the heat is so severe
that it cau.scs discoloration, and often
pitting of the coin's surfaces.
One old fellow put his coins in glass
jars and had solid concrete porch steps
poured about them. That was in 1925.
Last year he had to do without steps for
a couple of days while a laborer broke
up the concrete and poured new ones.
It was well worth the old man's trou-
ble. Included in those coins were ten
pieces of each coin minted at Philadel-
phia in 1921 which he had bought for a
small prenu'um in 1925. Those fifty
coins alone netted him $3^00 in 1959!
How did the old man decide when to
sell his coins? Without a personal in-
terview from him, it would be extremely
(Continued on next page)
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DAWN — Scietice Fiction
by Ruth Keil
(Here is a short one for all you Sci-
ence Fiction lovers.—Ed.)
The telephone. He felt into the dark-
ness and haphazardly found the receiver.
"You forget. Claude, that I have to
sleep." he said. "My mind is not im-
mortal. Now disconnect the communica-
tion wires and I'll come see you first
thing in the morning."
Claude's reply was bitingly impatient.
"You also forget. Mel. that some of my
obsenations must be given to you at
night, for you can't see the stars in the
daytime, as I can. You will come to see
me in five minutes.
"
All right, play the game called "hu-
mor the immortal." thought Mel sourly
as the bang at the other end pierced his
sleepiness. But this is the last time I'll
be slave to your whims, government or
no government.
Five minutes later Mel pushed open
the heavy metal door and groped his way
into the midnight of the observation
room. A screen on one wall flashed into
focus and Mel could see the moon.
Bored, he stood in front of the picture
and looked at the craters. As one of the
hand-picked candidates, he had practical-
ly memorized all the known landscape
of this new frontier. He wondered idly
whv Claude had awakened him merely
to show him this.
As if in answer to his question,
Claude's voice on the loudspeaker cut
through Kiel's thoughts.
"I know that you harbor grudges
against my superior intellect and judg-
ment; it can't be helped. If you remem-
ber, you were one of those who voted
that my mind be saved when m\' body
died in the accident. You must listen
now to my instructions. Y'ou are the
only one who will share my latest solu-
tion to the inhabitation problem of the
moon."
"Do enlighten me." Mel replied sar-
castically. "You know that our present
project is to get someone up there first,
before we think about pioneers and
homesteaders. Since I'm a candidate for
the first pilgrimage. I'd like to know
what you're cooking up now."
"Patience. Mel; bear with me and
keep your mind open. First I must give
you some history in order that you un-
derstand what you are going to do. I've
been experimenting with the science of
teleportation."
Mel's laugh interrupted Claude.
"Shouldn't you say art. rather than sci-
ence, old boy?''
Instead of becoming angr>'. Claude
replied musingly. "That is an interest-
ing question. Mel. You alone are going
to find out the answer for me."
Mel was unaccustomed to the smooth
tone of Claude's voice. For months he
had heard nothing but an irritable toler-
ance. Now Claude sounded patient and
almost friendly. A vague warning bell
rang in Mel's subconscious.
"Rockets take too long. Mel. And
they aren't as safe as I would like them
to be. I've been exercising and strength-
ening my mind, just between you and
me. I can send rabbits an>-vvhere!"
"Claude. I'm not going to be your
next rabbit." Mel cut in wildly. "I'll
take the rocket. Thanks anx^vay for the
suggestion." he added as he turned to-
ward the door.
Too late. Mel was on his way to the
moon.
PROFITS . . .
(Continued from page 37)
hard to say. for there are probably as
many theories about when to sell as
there are investors. Some say sell when
the roll has doubled value; others say
tripled, quadrupled, or more. Some sell
half their investment in a particular
group of rolls even* time it doubles 'n
value. Some hold all they have until
they need the cash, and often leave
fabulous estates for their heirs.
If a stable market is to remain for
uncirculated rolls, the decision of when
to sell must be made by each individual
investor, and not be regulated by some
coverall rule that would cause many
people to sell at one time. Such a rule
would obviously bring disaster to the
market \vhen the time came to sell. The
one aid that all active investors use in
getting both market information and po-
tential buyers is the trade journal, of
which there are many in the coin busi-
ness. The great boom in coin invest-
ments can be seen on their pages. There
is page after page of advertisement
—
rolls wanted, rolls for sale plus single
coins for collectors. One newspaper has
more than doubled size and distribution
in the last year. A listing of some of
the better known publications follows:
The Xumis/rtatist. for information
write Lewis M. Reagan. General Secre-
tary, P.O. Box 577. Wichita, Kansas,
(official publication of the .'\merican
Numismatic Association).
The Xurnisrnntic Scrapbook Maga-
zine. Hewitt Brothers. 7320. Milwaukee
Avenue. Chicago 31. Illinois.
Coin Jf'orld. Sidney News Building.
Sidney, Ohio.
Xu?nismatic Xev.'s, lola, Wisconsin.
The Coin Collector, 300 Booth St..
Anamosa. Iowa.
Coin Press Magazine. 231 X. 18th
St.. East Orange. New Jersey.
Nearly even- town has a newstand
that carries one of these publications.
To accompany these periodicals, a refer-
ence book of L nited States coins is in-
valuable. While such a book is more col-
lector-directed than the periodicals, it
still has a wealth of general informa-
tion about coins that helps the investor
better understand them and the people
who collect them. The most popular of
the.se books are:
.:/ Guide Book of United States
Coins. R. S. \eoman. Whitman Pub-
lishing Company. Racine. Wisconsin.
(§1.75, published every year, general in-
formation and dealer's retail prices).
Handbook of United States Coins,
R. S. Yeoman. Whitman Publishing
Company. Racine, Wisconsin. (SI.00,
published each year, general information
and dealer's average buying prices).
For the investor, periodicals have a
definite advantage over reference books
since they are able to keep up with the
constantly changing roll market. Refer-
ence books list only prices for single
coins, and have a chance to change
these listings only once a year.
This might all be called a plan for
easy speculation. If nothing else, it is
surely a plan for scientific saving. A
penny in that uncirculated roll is always
wonh a penny, and in years to come
may be worth a great deal more. Low
risk, ease with which it can be done,
and small amounts of capital required
are the keys to the success of modern
day uncirculated coin speculation.
In the course of it all. these coins are
not just profit-making tools. They are
entertaining and relaxing. They allow
whoever wishes to play the market to
do so, just as the Wall Street financiers
do. They lead many to the pleasures of
coin collecting. Making profits with
vour monev becomes as much fun as a
hobbv!
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THERMIONIC POWER REACTOR
CXtED C<X.LECTOR
RE FUECTOR
PILE • LOOP TEST CELL
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TUNGSTEN
CON-TAifJER.
JHo^-e-j ,-:-^s r^g^rT] i 3 +
INDIViOUAl. CELL.
-THERMIONIC CELLSOONNECTEO IN SERIES-'
PAtft L I. EL
Fig. 6 (Left) Los Alamos plasma thermocouple. (Right) Thermionic power reactor using plasma thermocouple cells.
NUCLEAR ELECTRICITY
. . .
(Continued from pogc 34)
trons from being emitted from the heat-
ed surface.
If, instead of having a total vacuum
in the space between the emitter (cath-
ode) and the plate (anode) we intro-
duce a very small amount of an easily
ionized substance such as cesium, posi-
tive ions are formed which neutralize
the negative electronic space charge,
making possible a much greater current
from cathode to plate.
This is the principle of the plasma
thermocouple (also known as plasma
diode or thermionic diode) which has
been recently developed by scientists at
Los Alamos Scientific Laboratory. (See
Fig. 6. ) When the device, which is
about the size of an empty frozen lem-
onade can. is placed in an atomic re-
actor, the central rod (composed of a
mixture of uranium-235 and zirconium
carbides) becomes white hot due to re-
actor-neutron induced fission of the
uranium, and emits electrons which are
collected by the water-cooled container.
The device has an output of 3.8 volts
and a short-circuit current of 30-40
ampers. Obviously, the implications to
future atomic energy developments are
enormous.
In Fig. 6 is shown a possible thermo-
couple power supply in which the cen-
tral fuel elements themselves form the
critical mass and the containers, which
are constructed of beryllium, form the
moderator.
The magnetohydrodynamic device,
which probably is best siuted for large
scale applications, utilizes a magnetic
field to separate the ions and electrons
in an ionized gas or plasma ( See Illinois
Technograph, October 1960). In this
type of power conversion, the nuclear
reactor has an advantage over chemical
combustion in that the gas that is used
can be selected without regard to its
combustion characteristics, and therefore
substances with much betteer ionization
properties than combustion gases (for
example, pure potassium vapor) can be
used as the working fluid (See Fig. 7).
The MHD device is probably the sim-
plest of all the power conversion de-
vices, having only a magnet and two
electrodes per stage. Therefore, it would
be ideally suited for a high-power-level
portable nuclear power plant for use in
Antarctica or on the moon. However,
since the MHD device works most effi-
ciently only at very high operating tem-
peratures, there are many materials
problems to be solved before the MHD
de\ice finds operational use.
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Fig. 7—MHD power generating station using nuclear reactor as heat source.
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From National-
Materials For Mightier Defense
Products vital to our national security are among the growing
number of chemicals and special metals manufactured by
National Distillers and Chemical Corporation, its subsidiaries
or affiliates. These include:
DIMAZINE "' storable liquid rocket
fuel. This will enable Titan II
intercontinental ballistic missiles
—and others-— to be fully fueled
and ready for instant firing from
hidden underground pads. A joint
venture of National and Food
Machinery and Chemical Corpo-
ration has been awarded contracts
exceeding $20,000,000 for Dima-
zine by the Air Force.
nents calling for light weight com-
bined with high strength and heat
resistance.
PETROTHENE® polyethylene is used
to make nuclear radiation shields
for atomic powered vessels. These
are lighter in weight than those
made of ordinary materials, yet
provide complete protection from
nuclear bombardment.
A Career at National . . . National
Distillers is expanding rapidly in
chemicals, plastics and special
metals, producing materials for
defense and growing peace-time
markets. Chemi-sts and engineers
seeking an unlimited future are in-
vited to contact our Professional
Employment Mgr., 99 Park Ave.
NATIONAL DISTILLERS and CHEMICAL CORPORATION
NEW YORK 16, N. Y.
*l»
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The care and feeding of a
It takes more than pressing a button to send a giant rocket on its way.
Actually, almost as many man-hours go into the design and construction
of the support equipment as into the missile itself. A leading factor in the
reliability of Douglas missile systems is the company's practice of including
all the necessary ground handling units, plus detailed procedures for system
utilization and crew training. This com p lete job allows Douglas missiles like
THOR, Nil^e HERCULES, Nike AJAX and others to move quickly from test
to operational status and perform with outstanding dependability. Douglas
is seeking qualified engineers and scientists for the design of missiles,
space systems and their supporting equipment. Write to C. C. LaVene,
Box 600- M, Douglas Aircraft Company, Santa Monica, California.
Alfred J. Carah, Chief Design Engineer, discusses the ground installation
requirements for a series of THOR-boosted space l^^ll^l AC
probes with Donald W. Douglas, Jr., President of 1/UUULMO
MISSILE AND SPACE SYSTEMS MILITARY AIRCRAFT DC-8 JETLINERS CARGO TRANSPORTS AIRCOMB* GROUND SUPPORT EQUIPMENT
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THE DIESEL ENGINE
FOR AUTOMOBILE USE
by David E. Hartnett
A Diesel engine is a combustion en-
gine in which the fuel is ignited by the
heat of compression. More specifically,
pure air is compressed until it reaches
a temperature that will ignite the fuel
being used. While compression ignition
eliminates the need for separate igni-
tion equipment and therefore simplifies
the engine, it is really an incidental fea-
ture of the operating cycle. The chief
reason for using high compression is
that it increases the thermal efficiency
of the engine; that is, it reduces the
amount of fuel consumed per unit of
work done. The use of his high com-
pression is made possible by compressing
air only, instead of a combustible mix-
ture of air and vaporized fuel which
would be ignited too early during the
compression stroke. As the fuel is
sprayed into the highly-heated air under
great pressure it need not be as vola-
tile as that reqiu'red by carburetor-t.\pe
engines, and Diesel fuels generally are
considerably cheaper, gallon for gallon,
than gasoline and similar volatile fuels.
As stated before, fuel consumption (gal-
lons per mile) is considerably less than
for petrol engines.
The development of the diesel engine
was hindered by the fact that the high
compression necessary for its perform-
ance required a high degree of tolerance
between piston and cylinder. This high
tolerance was not possible during the
pioneer days of the motor vehicle ; hence
the petrol engine developed earlier and
has maintained its lead due to the eco-
nomic demand of automobiles. In its
early days the diesels were strictly slow
speed, powerful engines which were gen-
erally very large. Another disadvantage
the diesel had was that it had to be a
much heavier engine since explosion
pressures in the compression ignition
system are much higher than in the
petrol engine. Diesel engineers became
accustomed to designing almost without
regard to what in the automobile in-
dustry is known as weight efficiency.
However, Charles F. Kettering and
the General Motors Research Labora-
tories de\-eloped a diesel which ran at
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higher speeds and was lighter in weight.
This was done by innovating the two-
cycle principle, in which every down-
stroke of the piston is a power stroke
and thus an engine of the same size de-
velops twice the power. It was really
very simple ; instead of letting the pis-
ton push the exhaust gas out, a blower
was supplied to blow it out, and there-
by reduced a stroke from the cycle.
Once the diesel had established itself
as a competent high speed engine, its
development increased rapidly. The most
recent development of the diesel engine
is the use of the hemispherical combus-
tion chamber and improved rotary fuel
pumps. Research work has led to an
improvement in injection nozzles also.
Despite the fact that development of
the diesel engine lagged behind the de-
velopment of the conventional automo-
bile engine in its early days, it has al-
ready advanced to the point where it
must be considered as competition to
the gasoline automobile engine.There is
no doubt that the diesel will replace
the gasoline automobile engine at least
in fields where there is a substantially
constant demand for comparatively
large amounts of power, and where the
fuel cost therefore forms a consider-
able item in the total operating cost of
the powerplant. This is notable in large
fleets of trucks that must pull heavy
loads and get a great deal of continu-
ous use. The fact that the diesel burns
a cheaper fuel constitutes an important
ad\antage in competition with the gaso-
line engine. This will be discussed later.
It would be advisable to investigate
the thermodynanuc principles involved
in the diesel and gasoline engine and
see how the two compare in this respect.
The diesel cycle provides combustion at
constant pressure (theoretical) where-
as the ordinary gasoline engine gives
combustion at constant volume; its com-
bustion takes place rapidly when the
compressed air-fuel nu'xture is ignited
by an electric spark. These two condi-
tions of combustion arc illustrated
graphically by the accompanying indi-
cator diagrams with their respective
temperature = entropy diagrams. Com-
parison of the T-S diagrams indicates
an important point. We all know that,
according to the principle envolved in
the Carnot Cycle, for maximum effici-
ency the energ\- should be delivered to
the cycle at the highest possible temper-
ature. It is evident therefore that the
diesel engine is more efficient since it
can deliver its energy- at a higher tem-
perature. The gasoline engine is in-
hibited in that its fuel ignites at a low
temperature as compared to the igni-
tion temperature of a diesel. This limits
the compression ratio in the gasoline
;
otherwise, pre-ignition and knocking
occur. But it is known that the higher
the compression is the more efficient an
engine becomes, and this gives the com-
bustion ignition engine another big ad-
vantage. Only pure air, not gasoline and
vapor, is compressed and there is noth-
ing to prc-ignite since the diesel fuel in-
jection is timed to take place when it is
wanted and not before. Thus it is seen
that the diesel has a distinct advantage
in that it is capable of delivering thirty
to thirty-eight per cent of its fuel heat
value as compared to only twenty to
twenty-five per cent for the gasoline en-
gine.
Another good approach in comparing
these two engines is analyzing their per-
formance cur\'es. These performance
curves are for two 6-cylinder engines,
one diesel and one gasoline, of exactly
similar design. The gasoline engine
gives greater power at high speeds, but
the power and torque of the diesel are
better at normal speeds while fuel con-
sumption of the gasoline engine is more
than double that of the diesel unit, espe-
cially at low and high speeds. Hence we
sec some important characteristics about
diesel engines; it is apparently more ef-
ficient at the speed that automobiles are
most frequently run. The present day
automobiles work most of the time at
only a fraction of their top power; they
are driven mainly in the city and even
when run on the highway are prohibited
from maximum performance by speed
.laws. (Continued on page 46)
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METALLURGICAL ENGINEERS-/7di/e you heard
the news from Bethlehem Steel?
Have you heard about our new, multi-million-dollar re-
search laboratories? There we'll develop new and improved
metallurgical processes, and ne^\- products, to keep Bethle-
hem in the forefront of steel technology.
Have you heard about our Sparrows Point expansion?
Already the nation's largest steelmaking plant, this huge
operation near Baltimore is being expanded to even larger
capacity.
Have you heard about the H-Iron process? Our new
pilot plant at Los Angeles was designed to test the feasi-
bility of large-scale production of steel by direct reduction.
These are but a few of the highlights. In a hundred
ways the men of Bethlehem Steel are contributing to tlie
advancement of metallurgy.
Bethlehem needs engineers . . . mechanical,
electrical, chemical, industrial, ciril,
mining, ceramic, architectural, and others.
We suggest that you discuss Bethlehem icilh your
Placement Officer. And be sure to pick up a
copy of our booklet, "Careers icilh Bethlehem
Steel and the Loop Course."
BETHLEHEM STEEL COMPANY, Bethlehem. Pa.
for Strength
. . . Economy
. . . Versatility BETHLEHEM STEEL BETHKHEM
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there's room to
gi
- - . at SIKORSKY AIRCRAFT
A "stream-of-action" environment with unusual growth
possibilities should be a major factor in a choice of
career. And that's an excellent reason for considering
carefully the opportunities existing in Sikorsky Aircraft.
We believe that our company is just the "right-sized
stream". Young engineers can enjoy diversified, small-
group activities, as well as stature opportunities in a
field that is wide open to the expression of imagination
and professional competence.
Sikorsky Aircraft is the company which pioneered the
modern helicopter. Our current program is far-ranging
and is recognized as one of the broadest and most
challenging in the entire aircraft industry.
Work associations are stimulating and in an atmosphere
of progress. Assignments could include joining an elec-
tronic team of twenty to thirty associates—or—working
with a highly selective group of four or five on interest-
ing problems of radiation, instrumentation, auto pilot-
age, automatic stabilization, etc.
If you want to enter this "stream-of-action", the time is
now. Opportunities for personal progress have never
been greater.
For detailed information about careers with us, please
write to Mr. Richard L. Auten, Personnel Department.
r
SIKORSKY AIRCRAFT
DIVISION OF UNITED AIRCRAFT CORPORATION
STRATFORD
CONNECTICUT
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"SPBOQ"
SIMPUFY
with I
MANUFACTURER
for 4
PRODUCT LINES
Chances are you'll eventually be involved
in some way with specifications for:
AIR CONDITIONING
REFRIGERATION
HEATING
HEAT TRANSFER
and chances are you'll profit by knowing
the One Manufacturer providing
"one source-one responsibility" for all 4.
DUNHAM-BUSH, INC.
WEST HARTFORD 10 • CONNECTICUT • U. S. A.
AUTOMOTIVE DIESEL
. . .
(Continued from page 43)
The important fact to notice from
the curves is that at the normal speeds
(800—1200 RPM), the torque of the
diesel engine is high compared to that
of the gasoline engine. Torque may be
described as a "capacity for turning" 3r
good "pidling power." The diesel pulls
well over all its speed range. It is "a
good puller at low speeds" and is not
easily stalled when the speed drops as
does the gasoline engine. The current
use of automatic transmissions is a fac-
tor which necessitates better torque
characteristics at low speeds.
It was mentioned earlier that the
diesel had a distinct advantage in that
it can operate by using cheaper fuel.
Recent developments in the refining in-
dustry have led to the trend to use bet-
ter diesel fuel which is more adaptable
to high speed characteristics. This fuel
is more expensive than the diesel oil
used at present but is still much cheaper
than the high octane fuel required for
present day automobiles. In addition,
the fact that the diesel uses less fuel
must not be forgotten. Another advan-
tage in relation to fuel is that the ex-
haust of a diesel engine contains very
little of the highly poisonous carbon
monoxide gas found in the exhaust from
the spark-ignited engine. Also, uncon-
sumed fuels in the form of hydrogen and
marsh gas are present in much greater
proportion in the exhaust from spark-
ignited engine.
To get a better outlook on the future
of the diesel engine as related to auto-
mobile use, it is desirable to know what
the trends in automobile manufactuie
are. Some of the trends in automobile
manufactuer are shown graphically.
It is noticed in the first illustration
that the trend has been to increase tlie
weight or the size of the car. However,
it should also be noticed that in the
most recent years automobile weight has
tended to stay constant. In the second
illustration, it is made apparent that
there has been an endeavor to decrease
the weight of the engine as compared to
its horsepower output. The tapering off
at the bottom of the curve also indi-
cates that automotive engineers are find-
ing it increasingly difficult to improve
tlus ratio. In the third illustration it is
clearly shown that automotive engineers
have also nearly reached a peak as to
how much they can improve the com-
pression ratio and consequently the
horsepower, without introducing much
more expensive fuels which are knock-
free and have such a high octane ratings
as to be on a level with aircraft engine
fuel.
The diesel engine becomes more im-
portant as one sees the limitations of
the automobile engine and vet unreal-
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ized limitations of the diesel. The
spark-ignition engine of the automobile
has nearly reached its absolute peak
thermal efficiency and this is still lower
than that of the diesel. The trends also
indicate that people are beginning to
realize that it is senseless to own large
fast moving automobiles when they sel-
dom get use at peak performance.
Most of the credit for the pioneer
work in the adaptation of the diesel en-
gine to road vehicles must be given to
Germany. The Mercedes-Benz, a 46hp
diesel produced in Germany is now
widely used in Europe and Canada. The
Studebaker-Packard company started to
handle these engines a few years in an
efifort to distribute them for use in
taxi-cabs. A considerable number cf
Mercedes-Benz taxi-cabs are being used
in New York and the\' have proved
very satisfactory. The fact that these
engines are only 46hp as compared to
the 150hp of some current automoiles
should not be misleading. Maximum
horsepower is not as important as "us-
able" horsepower at normal operating
conditions. The superiorit\ of the die-
sel's torque curve in the low end of the
engine's speed range (where most city
driving is done) provides ample torque
for nimbleness in traffic. These taxi-
cabs have been getting 26 miles per gal-
lon as compared to nine to twelve miles
per gallon for other taxi-cabs. The cab
companies have been paying nineteen
cents per gallon for their fuel.
The most recent development in the
diesel for the private car has been the
Perkins "Four 99" manufactured in
the United States. It is a 4 cylinder,
320 pound engine capable of 43hp at
4000 rpm ; it has a top speed of 80 miles
per hour, and when run at 56 miles per
hour for two straight days it used 37
miles per gallon.
An indication that others think that
high-speed diesel engines are going to be
used extensively is the fact that Chrysler
Corporation included in its fold on June
1959 the Deutz Company which is
scheduled to start producing 60,000 high
speed engines per year.
I
Housewife Special
I
An electric car for the housewife
doing neighborhood chores has been
built by a Detroit laboratory. Designed
for short-distance travel, the car weighs
I 447 pounds, is 24 inches high and has
a one-third horsepower motor for each
rear wheel. Top speed is 1 5 to 20 miles
an hour. Its batteries require recharg-
ing every two hours.
A small boy's head bobbed up over
the garden wall and a meek little voice
said, "Please, Miss Brown, may I have
my arrow?"
"Certainly, where is it?"
"I think it's stuck in your cat."
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BOOK REVIEW
CARE AND REPAIR OF YOUR SPORTS CAR
By oCee Ritch
144 Pages, Cloth Bound, Arco Publishing Company, S2.75
The parking problems here on cam-
pus and in many cities throughout the
nation have been solved by bus-riders
and partially compensated for by the
sports car owners, but the special little
vehicles have created problems of their
own. ^lost mechanics just do not know
how to fix them. For the engineers and
others who have been confronted by
this maintenance trouble we ofler the
following solution—a quick "'cure" for
sports car problems (without selling the
car).
A new and highly illustrated guide-
book ofiers money saving repair tips for
all sports car owners at the do-it-your-
self level. It separates basic repair work
from the t\'pe that should be done by a
specialist and provides an excellent guide
for buyers of used sports cars.
Top professionals offer tips on tune-
up ; maintenance on overhead cam en-
gines ; a key to good driving habits ; a
detailed analysis of ignition systems; and
what to look for in planning a check-
up of a newly purchased sports car.
The author. oCec Ritch, qualifies as
an expert because of his own lengthy ex-
perience in competition and in repair
shops. Yet, he calls on other profession-
als to aid him in the preparation of this
most practical repair book.
"Care And Repair Of Your Sports
Car" is cloth bound and has 144 pages
of photos, facts, and eas\' to follow
maintenance advice.
It is available at most book stores
or may be purchased directly from Arco
Publishing Co., Inc., 480 Lexington
Avenue, New York 17, X. Y,
First 'Gallop' Poll
An argimient about the horse's gal-
lop led to the first high-speed photo-
graphs. In 1872, to win a bet that all
four hooves left the ground for an in-
stant during a horse's stride. Eadweard
Muybridge lined up 24 wet-plate cam-
eras with a separate trip ^^^re to each
shutter. A horse galloping past hit the
wires, tripped the shutters and produced
a series of bet-winning pictures.
as hot as the surface of the sun. In
addition flow from the nozzle of the
unit has reached a sonic speed of 34,000
miles per hour."
"Applying these characteristics to a
wind tunnel will help duplicate the ex-
treme conditions met by missiles and
other space craft of the future upon re-
entr>- into the earth's atmosphere."
All-Welded Trusses Fabricated
For Engineering Center
Three 50-foot. 20-ton all-welded
trusses will support the library roof in
the new United Engineering Center
now under construction in New York.
Murex electrodes, supplied by Metal &
Thermit Corporation, were used in the
fabrication of the giant sections. More
than 1000 feet of weld was required
per tniss.
A First
Pensacola Junior College in Florida
will become the first junior college in
the nation to install a nuclear reactor.
President Henn- L. Ashmore an-
nounced that a subcritical nuclear re-
actor using "enriched fuel" will be put
into operation at the college for the pre-
liminary- training of nuclear scientists.
Built by Lockheed Nuclear Products in
Atlanta, the reactor will be used for
the training of students in the applica-
tion of nuclear engineering fundamen-
tals.
High-Energy Electric Arc Heater
A machine with the potential capa-
bility to supply a stream of gas at tem-
peratures as high as 20,000 degrees F
and pressures as great as 15,000 psi has
been de\-ised by the Westinghouse Elec-
tric Corporation. The machine, an elec-
tric arc heater, can operate for sustained
periods of time and at an extremely low
level of gas contamination.
Dr. John A. Hutcheson, vice presi-
dent in charge of engineering for West-
inghouse. said, '"The temperature into
the nozzle of the unit has been main-
tained at 10,000 degrees—approximately
Hot Under The Collar!
"Thermal barrier ' temperatures are
simulated in a nose cone testing device
at the National Aeronautical and Space
Administration's Langley Research Cen-
ter in Virginia. Heat produced by 225
2500-watt tubular General Electric
quartz infrared lamps in the cylindrical
radiator reaches 3100" F., about a third
as hot as the surface of the sun. Such
tests facilitate the nation's efforts to
o\'ercome the re-entry problems faced
in rocket, missile and space-vehicle pro-
grams.
Star Gazers Congregate
Top level astronomers of the countr>'
interested in improving the teaching of
astronomy will be among the partici-
pants in a L niversity of Illinois research
project. The astronomers will come to
the L niversity for a two-month period
during the summer of 1961 to write
and test updated and expanded educa-
tional materials in astronomy to be
taught to elementani' school pupils.
The objective of the research is to
find out how well grade school chil-
dren can grasp concepts of modern
astronomy and to develop and test in-
structional materials for use by elemen-
tarv teachers.
Science Films Produced for
College
Two new sound motion pictures for
use in college science and engineering
classes have just been produced by Bell
Telephone Laboratories. The films, en-
titled "Memor\' Devices " and "Similar-
ities in Wave Behavior. " \vere prepared
under the guidance of Bell Leboratories
scientists and engineers, and are avail-
able on free loan through local Bell
Telephone Company offices.
"Memor\" Devices" (16mm, sound,
color, 27 minutes) is a narration film
which shows information storage devices
used in modern computing machine
memories and explains how binary in-
formation is stored in them. Basic con-
cepts and terms are explained and ex-
amples of mechanical, electromechanical,
magnetic, electrostatic and photographic
memories are described.
"Similarities in \Vave Behavior"
(16mm. sound, black and white, 265^
minutes) is a demonstration - lecture by
Dr. J. N. Shive of Bell Laboratories.
He discusses the similarities that exist
in the behavior of wa\es in various me-
chanical, electrical, acoustical and opti-
cal wave systems. L sing specially built
torsion wave machines, he demonstrates
the reflection of waves from free and
clamped terminations. The ideas of su-
perposition, standing waves, and reso-'
nance are shown in slow motion. Ener-
gy' lost by impedance mismatching is
demonstrated and calculated in simple
terms, and then Dr. Shive shows how
quarter-wave and tapered-section match-
ing transformers act to reduce energy
loss.
Try That Again
The sentence. "The spirit is willing,
but the flesh is weak," was fed into an
electronic computer during experiments
in machine translation. The machine
translated it into Russian and, when a
translator put it back into English it
^
came out. "The hquor is still good, but 4
the meat has gone bad."
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If your sights are set on electronics-
With the IBM Sage computer. Air Force personnel view computer-
generated displays projected in the Command Post.
-you'll find Photography at Work with you
The engineer working in elec-
tronics finds photography one of
his most valuable tools. For ex-
ample, he uses camera and film
to capture and study the fleeting
transient on the oscilloscope face.
X-rays and film provide him
with a check on the internal in-
tegrity of sealed components.
Even intricate circuits can be
printed and miniaturized by
photographic methods.
There's hardh' a field on
\\ hich you can set your sights
w here photography does not play
a part in simplifying work and
routine. It saves time and costs
in research, on the production
line, in the engineering and sales
department, in the office.
So in whate\er you plan to
do, take full advantage of all the
ways photography can help.
CAREERS WITH KODAK:
With photography and photo-
graphic processes becoming in-
EASTMAN KODAK COMPANY
Rochester 4, N. Y.
creasingly important in the business
and industry of tomorrow, there
are new and challenging oppor-
tunities at Kodak in research, en-
gineering, electronics, design, sales,
and production.
If you are looking for such an
interesting opportunity, write for in-
formation about careers with Kodak.
Address: Business and Technical
Personnel Department,
Eastman Kodak Company.
Rochester 4, N.Y.
One of a series
Interview ivith
General Electric's Earl G, Abbott,
Manager— Sales Training
Technical Training Programs
at General Electric
Q. Why does your company have train-
ing programs, Mr. Abbott?
A, Tomorrow's many positions of major
responsibility will necessarily be filled by
young men who have developed their
potentials early in their careers. General
Electric training programs simply help
speed up this development process.
In addition, training programs provide
graduates with the blocks of broad ex-
perience on which later success in a
specialization can be built.
Furthermore, career opportunities and
interests are brought into sharp focus
after intensive working exposures to
several fields. General Electric then gains
the valuable contributions of men who
have made early, well-considered deci-
sions on career goals and who are con-
fidently working toward those objectives.
Q. What kinds of technical training pro-
grams does your company conduct?
A. General Electric conducts a number
of training programs. The G-E programs
which attract the great majority of
engineering graduates are Engineering
and Science, Manufacturing, and Tech-
nical Marketing.
Q. How long does the Engineering and
Science Program last?
A. That depends on which of several
avenues you decide to take. Many gradu-
ates complete the training program dur-
ing their first year with General Electric.
Each Program member has three or four
responsible work assignments at one or
more of 61 different plant locations.
Some graduates elect to take the Ad-
vanced Engineering Program, supple-
menting their work assignments with
challenging Company-conducted study
courses which cover the application of
engineering, science, and mathematics to
industrial problems. If the Program mem-
ber has an analj-tical bent coupled with a
deep interest in mathematics and physics,
he may continue through a second and
third year of the Advanced Engineering
Program.
Then there is the two-year Creative
Engineering Program for those graduates
who have completed their first-year
assignments and who are interested in
learning creative techniques for solving
engineering problems.
Another avenue of training for the
qualified graduate is the Honors Program,
which enables a man to earn his Master's
degree within three or four semesters at
selected colleges and universities. The
Company pays for his tuition and books,
and his work schedule allows him to earn
75 percent of full salary while he is going
to school. This program is similar to a
research assistantship at a college or
university.
Q. Just how will the Manufacturing
Training Program help prepare me for
a career in manufacturing?
A. The three-year Manufacturing
Program consists of three orientation
assignments and three development
assignments in the areas of manufacturing
engineering, quality control, materials
management, plant engineering, and
manufacturing operations. These assign-
ments provide you with broad, funda-
mental manufacturing knowledge and
with specialized knowledge in your
particular field of interest.
The practical, on-the-job experience
offered by this rotational program is sup-
plemented by participation in a manu-
facturing studies curriculum covering
all phases of manufacturing.
Q. What kind of training would I get
on your Technical Marketing Program?
A. The one-year Technical Marketing
Program is conducted for those graduates
who want to use their engineering knowl-
edge in dealing with customers. After
completing orientation assignments in
engineering, manufacturing, and market-
ing, the Program member may specialize
in one of the four marketing areas: appli-
cation engineering, headquarters market-
ing, sales engineering, or installation and
service engineering.
In addition to on-the-job assignments,
related courses of study help the Program
member prepare for early assumption of
major responsibility.
Q. How can I decide which training
program I would like best, Mr. Abbott?
A. Well, selecting a training program is
a decision which you alone can make. You
made a similar decision when you selected
your college major, and now you are
focusing your interests only a little more
sharply. The beauty of training programs
is that they enable you to keep your
career selection relatively broad until you
have examined at first hand a number of
specializations.
Furthermore, transfers from one Gen-
eral Electric training program to another
are possible for the Program member
whose interests clearly develop in one
of the other fields.
Personalized Career Planning
is General Electric's term for the
selection, placement, and pro-
fessional development of engi-
neers atid scientists. If yon icoitld
like a Personalized Career Plan-
ning folder irhich describes in
more detail the Company's train-
ing programsfor technical gradu-
ates, tcrite to Mr. Abbott at Sec-
tion 959-13, General Electric
Company. Schenectady 5, A. i.
Progress Is Our Most /mportant Proc/ucf
GENERAlfiELECTRIC
/CNNOGRAPH
ENGINEERING
OPEN HOUSE
Whether it jumps to make a discovery that's out of this
world, or sits down quietly to spend a century or two on
atomic research, steel is the only material that has the
strength and vigor to keep up with the reach of modern
man's mind.
New Stainless Steels developed by United States Steel
withstand the vibration and friction of unearthly speeds.
New USS Steel Forgings shape atomic reactors and nuclear
power systems. Look around. You'U see steel in so many
places— building strength. And steel depends on men like
you. For information about the many career opportunities
at U.S. Steel, including financial analysis or sales, send
the coupon. USS is a registered trademark
United States Steel
United States Steel Corporation
Personnel Division
Room 6085A, 525 William Penn Place
Pittsburgh 30, Pennsylvania
Please send me career information about U.S. Steel.
Name-
School-
Address-
Clty- -Zone- - State-
Things
we know about
tomorrow:
A new Westinghouse development could be your heart's best friend !
It is a little electronic device with the unusual name of "Cardiac Pacer."
Originally, it was developed to provide a gentle boost to a patient
whose heart faltered or stopped during an operation, or for use as a heart
stimulant in hospital recovery rooms.
Now Westinghouse is working to perfect it for personal use on millions of
heart patients by their physicians. It would be light and easy to carry about.
It may not be cheap, but then life is worth a lot to any of us.
Part of the plan for the future is a radio receiver about the size of a pack
of cigarettes which a doctor could carry with him and, if any of his heart
patients had any trouble, the radio would beep-beep the doctor. He could
then tune in to that patient, listen to his heart beats, if necessary, and
advise emergency treatment. Wondrous are the uses of electricity.
To learn more about your future with Westinghouse,
write L. H. Noggle, Westinghouse Educational WSStlDSnOUSB
Dept
.
, Ardmore & Brinton Roads, Pittsburgh 21, Pa.
You can be sure ... if it's Westinghouse.
I
W
HOW TO DESIGN A TRADEMARK
Why, it's easy as A-B-C. Just start with a simple shape,
one that's readily identified and easily remembered.
(The Jenkins Diamond is a good example.) Then just fill
in the blank spaces. That's all there is to it, and almost
anyone can do it
!
Ah, that isn't so easy nor so simple.
A trademark is like a man's signature: it can mean much
or it can mean little.
Time and performance make the difference.
Take the Jenkins Bros, trademark. There's nothing tricky
about the design, certainly nothing fancy about the words.
Yet buyers and specifiers of valves everywhere
know and respect this simple device, this mark.
Why? Because in all the years since 1864 there has been
no compromise in the quality of Jenkins Valves. We know
it; you know it.
And that is the only way we know to make a trademark
meaningful. That will always be the Jenkins way of
making valves.
JENKINS
Ih'n^&m^*o^
JENKINS BROS.. 100 PARK AVENUE, NEW YORK 17
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Dow means an opportunity for
individuals, ideals, ideas
iNDfviDUALS. Chemistn," seems to draw a particular kind of
person. Whether he's a scientist or a salesman, an engineer
or a marketing man. uhen he chooses the chemical industrj-
for his career he singles himself out as an individual. This is
the kind of person who makes up the Dow organization. At
Dow. teamwork has its place, but it is recognized, too, that
most great ideas are born in the mind of an individual as he
thinks about the problem.
IDEALS. People may occasionally speak disparagingly of
someone as "a dreamer and an idealist." But these are
exactly the qualities of all the men who seek to make some-
thing great out of something commonplace. When Herbert
H. Dow turned an insignificant brine well into a vast chem-
ical empire, he established the Dow philosophy that "everv'-
thing must be good for something, and we will make it
work." The rest remained for one other factor.
IDEAS, There are few places in the world that allow more
room for ideas than a chemical company. In the first place,
new chemicals, most of them never before existent at all,
arc made at an astounding rate. If the chemical is made for
a specific job. then at least one application is known for it.
But many others are the result of pure research or arc
by-products. These require ideas to put them to work, or to
convert them, or to use them for undreamed-of applications.
At Dow, sound ideas are tantamount to action.
To learn more about the Dow opportunity, visit, or write to
the Technical Employment Manager at one of the locations
listed below.
California— Pittsburg, Seal Beach • Colorado—Rocky Flats • Illinois -The Dow Metal Products Company, Madison • Louisiana-Plaquemine
MossochuseHs— Eastern Research Laboratory, Framingham • Ohio-The Dobeckmun Company; Dow Industrial Service, Cleveland
Oklohoma-Doweil Division, Tulsa • Texas— Freeport • Virginia— Williamsburg • Canada—Sarnia, Ontorio
THE DOW CHEMICAL COMPANY • MIDLAND, MICHIGAN DOVV
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From the Editor's Desk
The Thinking Man
The thinking man I am about to discuss might possibly be on engineer but
could just as easily be anyone. Picture two men talking in a television com-
mercial. The first man says, "Say, you look like a man who thinks for himself.
What cigarette do you smoke?" The second replies, "You are right, I do think
for myself. That is why I don't smoke." To me this scene would seem much more
realistic. Dr. Donald K. Pumroy, a University of Maryland psychologist, conducted
a survey of college students which showed that smokers had a lower grade
point than non-smokers and that heavy smokers had yet lower grades. This
some trend has been the result of about ten different surveys since 1909. Dr.
Pumroy summarized his results by saying that since society rules out smoking
before a particular age, a child finds the best way to appear grown-up or to
rebel against adult culture is to smoke. Society also states that you should study.
To rebel—smoke and don't study.
The thinking man must think about both the welfare of himself and others.
To me scientific research has proved that cigarette smokers ore more susceptible
to lung cancer which can result in the surgical loss of a lung. Many high schools
show a color film of the operation of the removal of the blacked and damaged
lung. Self welfare might also include the yellowed, stained finger nails and
teeth that are the distinctive marks of a smoker. Economically speaking, smoking
is expensive. The average pock-a-doy smoker spends almost a hundred dollars
a year on cigarettes, not to mention the costs of lighters, ashtrays, burned up-
holstery and clothing, etc.
To non-smoking friends the smoker is an obnoxious neighbor. The smoke
blown carelessly around the room gets painfully in the eyes and nostrils of the
uninitiated, and the unpleasant odor that lingers in homes, automobiles, and
clothing is annoying. Have you ever noticed how easily automobile windows
fog in the winter when people are or have been smoking in the cor?
If after weighing the above facts carefully, you con honestly say to yourself,
"My reasons for smoking outweigh the opposition," go ahead and smoke. If you
go ahead and smoke without considering these ideas, don't coll yourself a
thinking man. All I ask is that you think before you contribute to the cigarette
industry.
-C. H. J.
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POLARIS: Northrop's Datico checks
out Polaris at all levels of mainte-
nance and operation.
SKYBOLT: Guidance and navigation
systems are being developed by Nor-
throp for this new/ and highly secret
air-launched ballistic missile.
MERCURY: The Northrop landing sys-
tem is designed to bring the Mer-
cury astronaut down safely.
Northrop is iioav active in more
Mi
X-15: Northrop produces Q-Ball. the
flight angle sensor for safe re-entry
of X-15 and other aerospace vehicles.
AERODYNAMICS: Northrop's Laminar
Flow Control technique is designed
to greatly increase aircraft range, flex-
ibility, cargo and passenger capacity.
TITAN: Northrop supplies complete
technical and industrial management
to activate the T-2 Titan missile base.
For work on these advanced programs, we seek exceptional engineers, scientists and mathematici
.
WK: Northrop produces airframe
mponents. ground handling and
inching equipment for this air de-
ise missile.
COMMUNICATIONS: Northrop designs
the trans-Pacific Scatter Communi-
cations Network and other world-
wide communication systems for
U.S. and free world governments.
T-38: World's first supersonic twin-
jet trainer is built by Northrop for
the United States Air Force.
hail 70 important programs
CET MISSILES: Northrop has pro-
ed more than 50,000 electroni-
c-controlled aerial targets, and
teillance drones.
COMMERCIAL METAL PRODUCTS: Nor-
throp produces aluminum architec-
tural shapes for many important
industrial and commercial buildings.
SPACE RESEARCH: Northrop's accel-
erated space research programs
reach into such advanced areas as
maneuverability, rendezvous, space
vehicle maintenance, space probes,
and the survival of men in space.
f Northrop Corporation, Box 1525. Beverly Hills. California. Divisions: Norair, Nortronics, Radioplane.
Paper was first made by
Ts'ai Lun, China
What's going on here?
Papermaking!—but you
needn't know a single thing about
the process— that is, to start with. What
we want to know is, can you
demonstrate engineering proficiency
in any of these fields: mechanical
engineering, electrical engineering
(with mechanical interests), vibration, fluids,
balance, noise control in sound levels, power
transmission, chemistry of papermaking, machine design, controls,
structures, thermodynamics, lubrication, stress, and instrumentation?
If engineering is your field, you may find a real
challenge at Beloit Iron Works—where the world's largest papermaking machines
are designed and built. In the papermaking field, there is
scarcely a branch in which Beloit hasn't broken a record or
introduced an engineering innovation or refinement
Beloit engineering— since 1858
—
has set standards for paper-
making around the world.
Beloit also manufactures machines
and equipment in Pennsylvania,
Massachusetts, England,
Japan, Italy. As for the
community, Beloit. Wisconsin,
is a place of pleasant
dwellings and modern shopping
facilities. It's also the home
of Beloit College. It's located in the heart of the
Midwest's lake and recreational region. Let us tell you more.
Beloit paper
machines
are frequently
longer than
a football
field
send for brocliure: "Your Future at Beloit.'*
Beloit, Wisconsin, is a college town
For Interview appointment date consult your College
Placement Director—or send lor brochure:
Beloit Iron Works, Personnel Division,
Beloit, Wisconsin
Please send
OUT OF THE LABORATORV
Manned space missions of extended flight
duration must have a large, continuous, long last-
ing and reliable source of electrical power. Only
a nuclear reactor heat source is compatible with
these requirements to provide power for propul-
sion and to operate all equipment aboard the
spacecraft. Advanced nuclear energy conversion
systems are now being developed by Garrett's
AiResearch divisions to meet these new power
requirements.
Besides nuclear and solar power systems for
space ap|)lications, other project areas at Garrett
include : electronic systems, such as flight data com-
puters and solid state transistorized conversion
systems for high speed generators; and complete
environmental systems for advanced (light vehicles.
This diversification of project areas enables
the engineer at Garrett to s])ecialize or diversify
according to his interest, not only making work
more interesting but increasing the opportunities
for responsibility and advancement.
An orientation program lasting a number of
months is available for the newly graduated engi-
neer, working on assignments with highly experi-
enced engineers in laboratory, preliminary design
and development projects. In this way his most
profitable areas of interest can be found.
For further information about a career w ith The
Garrett Corporation, write to Mr. (]. D. Bradley
in Los Angeles.
AiResearch Manufacturing Divisions
Los Angeles 45, CalifoTnia • PhoeniXy Arizona
OTHER DIVISIONS AND SUBSIDIARIES: A IRSUP PLY- A ERO ENGINEERING • AIRESEARCH AVIATION SERVICE • GARRETT SUPPLY • AIR CRUISERS
AIRESEARCH INDUSTRIAL • GARRETT MANUFACTURING LIMITED • MARWEDEL • GARRETT INTERNATIONAL S.A. • GARRETT (JAPAN) LIMITED
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How doYou
IVIeet a Clialleiige?
At Delco Radio we're meeting the staggering challenges of the
Space Age with a combination of outstanding resources and abilities.
Latest addition to the Delco complex of over one miUion
square feet of modern laboratory, manufacturing and office facilities
is the new 125,000 sq. ft. research and engineering center now
under construction in Kokomo, Indiana.
But physical resources are only half the story. Delco's rise
to prominence in the fields of electronics and solid state physics
has been led by men of unusual abilities.
And, just as it's necessary to continue expanding our physical
resources, we must continue to seek out capable men to meet the
increasing challenges of the futm-e. We need ambitious yovmg
men with new ideas—new talent.
If a bold, aggressive program of action is what you're interested in,
write to Mr. Carl Longshore—Supervisor, Salaried Employment,
or talk with our representative when he visits your campus.
DELCO'S NE
ELCO Eadio Division of General Motors
Kokomo, Indi.-^na
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Engineering on Display
Dean, Students, and Faculty
Welcome Open House Visitors
W. L. Everitt
Dean of Engineering
Each year brings growing interest and appreciation
for Open House: more of you come as guests of the
College to find out what engineering is all about—at
least as much as a quick visit will tell. To all of you
we open our doors gladly, both because this is your
Institution in a very real sense, and because of your
concern with engineering as a discipline and a way of
contributing to the future of our nation and of the
world.
Perhaps I should emphasize that this is primarily
a student effort to explain engineering for the public.
Open House is organized by the student societies of
the Engineering College through the Engineering Coun-
cil and the representatives of the several Instructional
departments. The administration of Open House is itself
a complex task. Involving a general student chairman,
a central committee, and departmental committees for
each of the dozen or more subject-matter areas in or
associated with the College. These student groups are,
of course, advised and supported by the Faculty in the
many matters which require joint effort, though the
basic responsibility remains a student one.
Some of our many student ambassadors you may
have seen when they returned to their schools during
the January between-semesters break. They then issue
their own personal invitations and supply information,
programs, and posters announcing Open House. On in-
vitation, they also will talk to individuals or classes
about their own experiences in engineering. Should your
school not have had such an alumnus visit, and should
you wish one, please let us knov/. This can be done
either directly (my office is 106 Civil Engineering Hall,
and I am always glad to see you personally as my ap-
pointments permit), or through Technograph. We will
then try to arrange a visit for this year or next.
Challenges Ahead
High school and even junior high school students
should know as much as possible about engineering as
early as possible. Then they can take the solid subjects
needed in preparation for college, including a maximum
of physical sciences, mathematics, foreign languages,
English and speech, and history or other cultural sub-
jects.
This will broaden rather than narrow career choices.
Good preparation for engineering Is equally good for
any other college curriculum. Indeed, on undergraduate
education in engineering, increasingly combined with
liberal arts to give a balanced curriculum, represents
jan ideal background for later study of low, business
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administration, and other fields outside engineering
practice.
At the same time, engineering problems in ma-
terials, energy, communication, and international rela-
tions are now difficult enough to challenge our best
minds, even with the broadest and deepest education
we can give them. Thus engineering practice more and
more demands advanced graduate study beyond the
four-year basic course, and offers correspondingly great-
er career opportunities in return.
Applications of engineering education range widely
—from space exploration, radio-astronomy, and rocket
or missi'e trajectories and propulsion through the physics
and electronics of solid state science, through normal
research and production of standard articles, on to spe-
cial fields such as computers and automation. Also,
those who prefer to develop practical and manual skills,
rather than the highly theoretical and mathematical
work of the engineering college, should consider the
direct training possibilities of the technical Institutes.
Large numbers of competent technicians are needed for
construction and maintenance of perfected designs and
operational equipment.
Look Behind The Gadgets
At Urbana during Open House you will see many
examples of these engineering functions in displays,
laboratory exhibits, and demonstrations. It is of course
easier to show the physical side of engineering. You
must, therefore, try hard to look behind the machines
and devices to find the principles and thinking which
made them possible. You will be aided In this by our
student honor societies in engineering, Tau Beta PI and
Sigma Tau, whose members will discuss texts, course
content, curricula, and scholarships, as well as give you
personal and Individual advice. Faculty members and I
and my staff will also be glad to talk with you If you
have questions. This will be especially easy If you can
let us know of your interest In advance.
Thus we in the College of Engineering urge you all
to visit us at Open House—students, advisers, parents,
citizens, alumni, and Industry representatives. We hope
that each of you will find much of Interest here. You
are equally welcome whether you seek a career in engi-
neering through attending college here or elsewhere, or
whether you are simply satisfying a curiosity about
science and technology as an Important part of our
modern world. We therefore Invite you cordially, ap-
preciate your company, and will do our best to see that
you are made to feel at home when you arrive.
11
PROGRESS
REPORT
OAK CREEK TO PRODUCE 1,050,000 KV/
In 1957, Wisconsin Electric Power Company's Oak Creek power plant became the
largest power plant in Wisconsin, generating 500,000 kw in the first four units
shown to the left of the white line on the photo. Five years later — by the end of
1961 — it will produce 1.050,000 kw.
A growing industry, indeed. The 275,000 kw unit 6 will be housed in the nearly
completed structure at the right. Unit 6 wiU include improvements over its "twin"
unit 5, which was placed in service at the end of 1959. Unit 5 is just left of the largest
stack. As in all Company operations, design and development work is assigned to
Company engineers. The Company is also participating in atomic power research
at the Enrico Fermi plant at Monroe, Michigan.
Engineers have abundant opportunities here in all fields for personal progress in
power. In addition to a wide diversity of industry, the Company's service area offers
a good balance of commercial and farming activities. A good place to work and live.
WISCONSIN ELECTRIC POWER COMPANY
SYSTEM
Wisconsin Electric Power Co. Wisconsin IVIichigan Power Co. Wisconsin Natural Gas Co.
MILWAUKEE, WIS. APPLETON, WIS. RACINE, WIS.
12 THE TECHNOGRAPH
ONE IN A SERIES
Bejidix answers your questions
WHAT COMPANY
SHOULD I JOIN?
\\"hen there is a choice of emplo\Tnent opportunities, most
graduating engineers and scientists make some sort of list of the
advantages offered by each prospective employer.
Some men put salary at the top of the list. Many lean toward the
company offering them the best chance at creativity . . . the widest scope
for developing their interests and increasing their professional stature.
Others favor job security, company size and stability, or geographic
location. The final choice generally is made on the basis of the
biggest "package" of advantages offered.
Probably no organization today can offer a longer list of
employment advantages than The Bendix Corporation
One of the world's most highly regarded, stable,
and diversified engineering-research-manu
facturing corporations. Bendix has 25
divisions which produce, literally, "a
thousand diversified products." The
wide geographic spread of these
divisions can be seen in the
listing below.
Starting salaries paid by Bendix are
competitive with those offered by
other companies—naturally, better
talents are more highly rewarded.
Bendix readily recognizes achieve
ment. and gives the developing
engineer and scientist wide lati-
tude in his field of interest.
Ask your Placement Director
about Bendix—where you can
build your career to suit your
talents. If you can't arrange a
personal interview, write to
C. C. Cleveland. The Bendix
CorpxDration. Fisher Building.
Detroit 2. Michigan, for
more details.
CAREER OPPORTUNITIES IN: CALIFORNIA • CONNECTICUT - INDIANA - IOWA • MARYLAND • MICHIGAN . MISSOURI • NEW JERSEY • NEW YORK OHIO • PENNSYLVANIA
A THOUSAND DIVERSIFIED PRODUCTS SERVING THESE FIELDS:
automotive • electronics • missiles & space • aviation • nucleonics • computer • machine tools • sonar • marine
FEBRUARY, 1961 13
PREFAB BRICK
a new idea in
architecture
It would be logical to assume that any
building materials producers who have
been at their trade for the past 8,000
years have made everything there is to
be made out of their raw materials.
However, this is not the case with the
manufacturers of brick. Although they
have been making one of the world's
oldest and strongest materials for man's
shelter, they know that a long history
alone is not enough to keep up with this
modern world. That is why brick and
structural tile manufacturers support a
million-dollar research program centered
in the Structural Clav Products Re-
search Foundation in (leneva, Illinois.
From these labs has come a new idea in
masonn.' construction—a prefabricated
brick wall.
Called the "SCR building panel,"
(Reg. U. S. Pat. Off., SCPRF) this
prefabricated panel is made of the same
brick which provided shelter for man
through the ages. Following extensive
laboratory and field testing, the prefabri-
cated panels were used successfidh' on a
home, a small industrial building and,
most recently, on a handsome Chicago
clothing store.
The Chicago store, built for the
Hirsch Clothing Company, made wide
use of the new shop-fabricated brick
panels. It was the first large scale use
of the panels in a commercial structure.
The Hirsch building contains 2,052
square feet of individual brick panels
incorporated into 27 pre-assembled
"plate girders" four feet wide and 19
feet high. Each one of the plate girders
contains 19 factory cast panels one foot
wide and four feet long. The panels,
which are steel reinforced, were fabri-
cated with ceramic glazed structural
clay units measuring 12 inches by two
and one-quarter inches and two and one-
half inches thick.
With the plate girders in place, they
form a saw-tooth wall 19 feet high. The
contrasting wall at the street corner is
made of white glazed brick laid in a
conventional manner.
The architects, Camburas and Theo-
dore, AIA, originally specified a saw-
toothed brick wall which, because of its
19 foot height, would have required a
wall at least 12 inches thick to take the
wind load. It actually would have been
more than 16 inches thick at the points
of maximum projection. However, the
new reinforced "SCR building panel"
was able to do the job with jvist a thick-
ness of two and one-half inches.
One of the most important statistics
in the description of this new kind of
brick wall is the fact that the wall is
rjtili' tii'o and onc-lialf inches thick. Al-
though this is quite thin particularly
when compared to a four inch or eight
inch brick u-all, tests show that such a
wall assembly is more than adequate in
resisting the required wind loads over a
19 foot vertical span.
The basic unit of the Chicago store's
prefabricated brick wall is a t\vo and
one-half inch thick piece of hard-burned
clay 12 inches wide and two and one-
quarter inches high. The unit in Chica-
go happens to be an attractive shade of
aquamarine ceramic glazed clay but re-
search developments have shown that the
"SCR building panel" can be made of
anv material which now appears in reg-
ular clay masonry and in any color cur-
rently in use. This would include brick,
glazed or unglazed tile and architectural
terra cotta.
First-time observers of the Chicago
installation of "SCR building panels"
were amazed to see how a brick wall
can be erected these days. They were
used to seeing the conventional style of
brick masonry in which the construction
of the wall is actually done on the very
spot where the wall will be located.
When trucks pulled up bearing brick
wall sections four feet wide by 19 feet
high, they were surprised to learn that
the brick wall had already been "laid"
by bricklayers back in the shop of the
mason contractor.
Working with laboratory-developed
equipment at the shop, the men quickly
put the small clay units face down in
a jig v.here they are ready for casting.
Two slim metal reinforcing were placed
vertically across the backs of the clay
units and then a tough, quick-drying
cement was poured over the whole back
of the future panel. In just 1^ minutes,
the cement was sufficiently hardened to
permit its removal from the jig. In 24
hours, the panel reached full strength.
In the development of this prefabri-
cated panel, the Structural Clay Prod-
ucts Research Foundation had the full
cooperation of the Bricklayers. Masons
(S; Plasterers' International Union and
the Mason Contractors Association of
America, both of whom have repeatedly
shown their interest in new methods and
products for clay masonry.
And what promise for the future does
this new time-saving concept hold ? The
possibilities are many. The growing de-
mands of the construction boom of the
1960's are being translated into schools,
stores, offices, homes and a great \ariety
of building needs of this exploding pop-
ulation of ours. The "SCR building
panel" has a definite place in this boom.
It can be made in the sizes, clay ma-
terials, textures and colors called for in
any construction job. The Hirsch store
in Chicago is the first in a new program
by the brick and tile industry to make
the "SCR building panel" available na-
tionally in the next 12 months.
Use of the panel brings to modern
construction all of the traditional quali-
ties of strength, fire resistance, stomi
protection, low maintenance and beauty
which have been a part of brick walls
for the past 8,000 years. Through the
wonders of modern industrial research,
the brick industry has shown that its
products have an important place on the
construction scene of the 1960's and be-
vond.
14 THE TECHNOGRAPH
I
—II
-mrm—irT~riiw« ' !
Workmen lifting brick wall section in place. Plate girder is four feet wide and nineteen feet high.
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there's room to GO and GROW-
at SIKORSKY AIRCRAFT
A "stream-of-action" environment with unusual growth
possibilities should be a major factor in a choice of
career. And that's an excellent reason for considering
carefully the opportunities existing in Sikorsky Aircraft.
We believe that our company is just the "right-sized
stream". Young engineers can enjoy diversified, small-
group activities, as well as stature opportunities in a
field that is wide open to the expression of imagination
and professional competence.
Sikorsky Aircraft is the company which pioneered the
modern helicopter. Our current program is far-ranging
and is recognized as one of the broadest and most
challenging in the entire aircraft industry.
Work associations are stimulating and in an atmosphere
of progress. Assignments could include joining an elec-
tronic team of twenty to thirty associates—or—working
with a highly selective group of four or five on interest-
ing problems of radiation, instrumentation, auto pilot-
age, automatic stabilization, etc.
If you want to enter this "stream-of-action" , the time is
now. Opportunities for personal progress have never
been greater.
For detailed information about careers with us, please
write to Mr. James L. Purfield. Employment Supervisor.
SIKORSKY AIRCRAFT
DIVISION OF UNITED AIRCRAFT CORPORATION
STRATFORD
CONNECTICUT
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HONORABLE
ENGINEERS
by Rich Carnnody
In March of last year the faculty of
the College of Engineering approved
the new Honors Program in Engineer-
ing, which initiated provisions that are
sure to bring outstanding results.
At the present time there are approxi-
mately two hundred students in the
Honors Program in Engineering, thirty-
five of which are enrolled this semester
I
in the special courses provided for them.
j
The others are not in honors courses be-
I
cause they aren't offered in all fields at
the present time. The thirty-one Honors
I
Program freshmen will benefit most
since they will have honors courses avail-
able to them in all sections as they ad-
vance. The Engineering College co-oper-
ates with the James Scholars Founda-
tion in picking the freshmen students
and all these are James Scholars.
,
The aims of this program are to rec-
' ognize and to encourage scholastic ex-
I
cellence and to reward Honors Program
students for their achievement. The fac-
ulty has advanced this acknowledgement
by defining a new set of rules govern-
ing a degree with honors. In this re-
spect the engineer in the Honors Pro-
gram recei\es more recognition for his
excellent grades than does a student who
is not in the Honors Program. A stu-
dent in the Honors Program who has .-i
cumulative grade
—
point average of 4.5
or better at graduation will receive a
degree "with high honors." and a stu-
dent in the Honors Program with a
cumulative grade-point average of 4.8 or
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better will receive a degree "with High-
est Honors." A student not in this pro-
gram receives a degree "with honors
if he meets the established requirements.
There are other advantages for those
in the Honors Program. The student
has the advantage of pre-registration,
smaller classes, more experienced in-
structors, and special seminar sessions
during the junior and senior years. He
takes special experimental courses that
utilize more comprehensible and flexible
approaches than usual. Also, advisers
are provided in each department to aid
the student. These advisers are members
of the departmental Honors Committee
and are especially interested in helping
the students.
For the upperclassmen there arc also
advantages. Part of the normal curricu-
lum requirements may be wai\ed and
substituted by special Honors courses
similar to those offered in the combined
Engineering-Liberal Arts, only on a
higher level. Another advantage is the
participation in special projects and
thesis research seminars such .is an elec-
trical engineering seminar on antennas
and receivers for radio astronomy, a
seminar on the effect of impurities on
realizability of ideal tensile strengths in
pure metals and alloys, or a seminar on
the efifect of technological research on
the capital investment prospects in the
economy. Credit hours for each seminar
mav vary from 0-4 hours and would
nomiallv be intended for seniors, but
could include juniors under certain cir-
cumstances.
In the future, the Honors Commit-
tee hopes to print a special brochure for
the Honors Seminars. It will he issued
in time for students to acquaint them-
selves with each course, and to enroll.
Each engineering department will be en-
couraged to establish a special course
number for thesis problems or special
projects for Senior Honor students.
Almost anyone who has the grades
and the desire can be an Honor Student.
The necessary qualifiications for non-
transfer students are as follows: Indi-
cation of outstanding intellectual
achievement as evidenced by achievemeiit
of a cumulative I'niverity of Illinois
average of 4.5. Transfer students with
an indication of outstanding intellectual
achievement as evidenced by achievement
of a cumulative University of Illinois
average of 4.5 for at least one semester
and the presentation of a superior trans-
fer record are also eligible.
Participation in the special cour.ses
and activities of the Honors Program in
Engineering is strictly voluntary. No
one forces a student to participate and
those students enrolled in the program
usually have the desire to become better
engineers in their respective fields.
The present status of the Honors Pro-
gram in Engineering indicates that it
will develop into one of the best ad-
vanced programs in the country.
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Engineers who qualify to fill these chairs...
are on the road to filling responsible jobs
with a growing company in a growing industry
American Air Filter Company is one of the world's
pioneers in the field of "'better air." Starting 30 years ago
as a manufacturer of air filtration equipment only, it has,
through a planned program of product development, attained
the unique position of being the one company in its industry
that can take the complete over-all approach to the customer's
air problems. In brief, this means supplying and coordinating
all the proper products to filter, cool, heat, clean (control
process dust), move, e.xhaust, humidify and dehumidify air.
"Better Air", while a big business today, is still in its
infancy. Name any industry, any building type, and you have
a present or potential user of A.-\F equipment. Other well-
known trade names in the A.^F family are Herman Nelson,
Kennard and Illinois Engineering. .At present, .-V.-KF operates
ten plants in Louisville, Moline, 111., St. Louis, Chicago and
Montreal. Canada.
THIS KIND OF
ENGINEERING DEGREE
. QUALIFIES YOU FOR
THIS KINO OF JOB
Mechanical— Engineering. Sales or Manufacturing
Electrical — Engineering or Sales
Industrial — Manufacturing or Sales
Civil — Sales
FORMAL FIVE-MONTH TRAINING COURSE
Your first job at .-K.-'lF will be to complete a full five-month
course in its technical training school. This is a complete
and carefully planned course covering every phase of this
business of better air and is under the direction of Mr. James
W. May, a recognized authority on air handling problems and
presently a member of the board of directors of ASHR.AE.
Classes, held in special, air conditioned quarters, are sup-
plemented by field trips to visit .A.AF plants and observe
on-the-job applications of equipment.
YOUR FUTURE IS ALL-IMPORTANT TO AAF
.A.^F prides itself on attempting to m'atch the man to the
job. During your training period you will have contacts
with key company personnel. Your personal desires as to type
and location of job are given every consideration. A.AF is big
enough to provide opportunities galore— small enough to
never lose sight of the personal touch that adds satisfaction
along with success.
A representative of A.AF will be on your campus soon to
interview students interested in learning more about the
opportunities with this company. Consult your Placement
Office for e.xact date.
rAVA /American /%ir rilter
BETTER AIR IS OUR BUSINESS
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A candle in a dark room?
Transverse and/or Visible electro-
magnetic waves?
A universal constant?
How many wave lengths in a photon?
s light affected by gravity?
A full appreciation of light and all
its phenomena is essential to the
successful completion of our energy
conversion mission.
We use this knowledge constantly—
as, for example, in our recent devel-
opment of a photo-voltaic conversion
system and a mechanical-optical
system to convert light energy to
electrical energy .
To aid us in our inquiries we call
on the talents of General Motors
Corporation, its Divisions and other
individuals and organizations. By
applying this systems engineering
concept to new research projects
we increase the effectiveness with
which we accomplish our mission—
exploring the needs of advanced
propulsion and weapons systems .
Energy conversion is our business *'
%USON
Division of General Motors, Indianapolis, Indiana
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Aeronautical Engineering
Today, aeronautical cnngineering is
one of the modern and most rapidly ad-
\ancing of all technical fields. In keep-
ing with progress in aeronautics and
space flight, the Aeronautical Engineer-
ing Department offers courses in aero-
dynamics, aircraft structures, propulsion,
orbital and flight dynamics, and design
which prepare men for this rapidly ex-
panding profession.
At Engineering Open House, you
will see some of the many research proj-
ects being carried out by the department,
as well as many educational displays de-
signed to illustrate basic facts and prin-
ciples of flight.
Aerodynamics, for example, which
deals with the flow of air around bodies,
and the forces and moments produced
on the body by the flow, has now ex-
panded to include such topics as kinetic
theory, magnetogasdynamics, and aero-
dynamic heating, which have become of
vital importance to high-speed, high alti-
tude aircraft and missile design.
On display in Aero.Lab. B will be
the department's high-speed shock tube,
which can produce flow velocities up to
20 times the speed of sound for very
short duration of time. Also, there will
be on display a plasma jet generator,
which, creating a jet hotter than the
surface of the sun, is the power source
of a hypersonic wind tunnel which will
subject models of ballistic missiles and
space vehicles to the extremely high tem-
peratures and flow velocities encount-
ered on re-entry to the earth's atmos-
phere.
A smoke tunnel, also on display in
Lab B, injects parallel streams of smoke
into the air flow past a wing section to
demonstrate properties of the flow at
various angles of attack. In Aero Lab
A, mounted in our low-speed wind tun-
nel, will be a A\ing model to demon-
strate basic aerodynamic principles. In
addition, the model will demonstrate
the phenomenon of flutter, a type of
wing vibration caused by aerodynamic
forces which, if unchecked, can cause
destruction of an aircraft in flight. The
prevention of flutter is a problem of
vital importance to the aircraft struc-
tural engineer.
As aircraft speeds climb higher and
higher, the structures man is faced with
are structural problems due to aerody-
namic heating. In addition to degrada-
tion of material problems, aerodynamic
heat aggravates existing problems such
as flutter and buckling.
In Lab B will be a Baldwin testing
machine, which will be used to demon-
strate compressive failure of columns in
buckling and torsion. There will also
be a display of photoelasticity and its
uses in the determination of stress fields.
Actual samples of aircraft structural
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coiiiporiciUs aiul iiiatcrials will also he
on display.
Thf analof; computer in Lab H r\}-
alilfs the stuil) ot Hij^ht rcjiinu- proh-
lenis, by means of circuit balaiicinji,
which otherwise would be extremeh
difficult and time-consuming to sol\e.
In Lab n will be a display of orbits
and trajectories, demonstrating: the piin-
ciples of orbital mechanics anatl missile
ballistics which are used in modern lonji-
range weapons, satellite vehicles, and
lunar and deep-space probes. Models of
the earth, moon, and a missile will be
used to illustrate visually the types of
trajectories obtainable with varying
launch speeds and directions.
As power requirements of aerospace
vehicles increase, the propulsion engi-
neer is called upon to produce the en-
gines which drive these vehicles to high-
er and higher speeds and altitudes, and
across the reaches of space. In the effort
to provide higher thrusts for longer pe-
riods of time, and with less fuel con-
sumption, the present-day propulsion
man is beginning to investigate nuclear
energy as a power source, as well as
exotic chemical fuels, and ion and plas-
ma propulsion systems.
In Aero Lab A will be a working
model rocket motor. Losing hydrogen
fuel, the motor can produce up to 10
pounds of thrust, and demonstrates the
basic principles which, within a decade,
may place the first men on the moon.
.Also in Lab A will be a working ram-
jet engine. The ramjet is a promising
propulsion source for extremely high-
speed, high-altitude sustained flight.
In Lab H will be demonstrated work-
ing models of ground-effect vehicles,
which float above the ground on a thin
cushion of compressed air. Much re-
search is being done by students and
faculty of the department to improve
the efficiencies and stability of ground-
effect vehicles. This means of travel may
revolutionize land transportation soon.
Also in Lab B will be demonstrated
the Tesla turbine and peripheral com-
pressor, two new advances in aircraft
propulsion. The Tesla turbine, invent-
ed by Nikola Tesla in 1913, was for-
gotten after his death, but is now being
developed by the department for use
in light aircraft.
The turbine extracts power from
high-pressure air, gas, or steam using a
series of flat steel discs. The friction of
the gas passing over the discs rotates
them at high speed, provides power with
greater simplicity and less weight than
any conventional gas turbine. Because
of its lack of blades, the Tesla turbine
can operate at higher temperatures and
produce more Power per poimd at lower
cost than conventional turbines.
In Lab B there will also be full-si/.e
cutaway displays of turbojet, turboprop,
pidsejet, and rocket engines.
RAMJtl
Working ramjet model on display
Plasma jet generator in action
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AGRICULTURAL
ENGINEERING
Agricultural engineers combine engi-
neering fundamentals with a knowledge
of agriculture to produce practical ap-
plications of science for the farm and
related industries. Agricultural engineer-
ing draws heavily on other classes of
engineering such as mechanical, struc-
tural, and electrical, but it takes a man
with special training and experience to
apply this knowledge to the unique
problems of agriculture. There is an in-
creasing demand for technological prog-
ress in agriculture in order to increase
the effectiveness of each fann worker.
Agricultural engineering is a career with
an unlimited future.
At the University of Illinois the Ag-
ricultural engineering department, head-
ed by Frank B. Lanham, consists of 29
faculty members and about 100 students.
Courses are provided for non-engineer-
ing agriculture students as well as for
agricultural engineering majors. Much
emphasis is given to laboratory and
field work, and to report writing. Stu-
dents are given an opportunity to study
in one of four specialized areas, or op-
tions: Power and Machinery, Farm
Electrification and Processing, Farm
Structures, and Soil and Water Con-
trol.
For the 1961 Engineering Open
House display, the department has as its
theme "Progress through Agricultural
Engineering." The exhibit will be lo-
cated at the north end of Burrill Ave-
nue. Most exhibits will be housed in
a temporary rigid frame structure cov-
ered by polyethylene film.
The Power and Machinery option
concerns sources of farm power and the
machines necessary to make use of this
power, or in other words, engines, trac-
tors, and fann implements. At the Open
House these Vi-ill be represented by dis-
plays of tractors and haymaking equip-
ment. In addition, methods of tractor
testing will be demonstrated.
The Farm Electrification and Proc-
essing option involves the use of elec-
tricity on the fann. Besides being used
in the home, electric power, heat, and
light are put to work at farm jobs such
as materials processing and handling,
and temperature and humidity control.
One exhibit will show how feed hand-
ling has progressed from muscle power
to a fully automatic system which re-
quires no effort except that of pushing
a button. Another exhibit will demon-
strate the control of the environments
of livestock and poultn,- through the use
of electricity.
Farm Structures option, as its name
implies, consists of the design and con-
struction of specialized structures in-
cluding fannhouses, fences, and housing
for livestock, machinery, and stored
farm products. At Open House an ex-
hibit v>nll be made of some of the dif-
ferent methods of wall construction and
joint construction. Included will be
equipment to test the strength of sam-
ple joints. In addition, the rigid frame
structure housing the displaxs will serve
a.s part of the structures exhibit.
The Soils and Water Control option
embraces soil erosion control, land drain-
age, and irrigation. Its objectives are
the conservation of soil and water re-
sources, and their impro\ement through
drainage, irrigation, and land reclama-
tion. Displays in this field will be of
drainage tile, sun-eying equipment, and
of conservation control structures.
Rigid frame building under construction. A similar structure will be set up by the Agricultural Engineering
Department for Engineering Open House.
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Model of automatic feed
handling system.
Testing an engine with a
portable dynamometer.
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CERAMIC
ENGINEERING
Various types of kilns ore available for student laboratory work and for graduate research programs. Rotary and
crucible enamel smelters are seen in the background.
The displays of the Ceramic Engi-
neering Department are selected and or-
ganized \vith one main intention—that
of answering the frequently proferred
question, "What is ceramic engineer-
ing?" Ceramics are technically defined
as: "non-metallic, inorganic materials
which require the use of high tempera-
ture in their processing."
Most people immediately associate
ceramics with art pottery, but the field
of ceramics only begins in this ancient
art. Ceramics is the foundation of our
home; the brick, fibreglass insulation,
the plaster in the walls, the windows,
and the sanitary facilities ; the porcelain
enamel ranges, refrigerators, washers,
and bath tubs ; the dishes, the glassware,
the mirrors, and the light bulbs; the
television set has a ceramic picture tube
and several small ceramic electronic
parts. Thus our everyday life is crowded
with products made possible through
ceramic technology'.
Ceramics, though, has a more basic
function. The linings of the steel pro-
ducing blast furnace and open hearth
furnace are ceramic materials, devel-
oped and processed to withstand the
high temperature and physical and
chemical attack present in the steel mak-
ing process. Without ceramics, there
would be no steel, and without steel,
most of the commonplace machiner>' and
other articles dependent for their manu-
facture upon steel, would not be in ex-
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istence. Theif is, tliiMi, some basis for
ihc observation that we live in a cer-
amic world.
The tuture promises to bring into
sharp focus the varied and unique prop-
erties ot ceramic materials. There will
be ceramic structures tor space vehicles,
ceramic rocket engine parts, ceramic nu-
clear fuels, high temperature ceramic
components for atomic piles and many
other products which a generation ago
would have seemed a more natural part
of a fictionalized space civilization. The
display of missile nose cones in last
year's Open House contributed to the
effort to familiarize the student as well
as the general public with the current
ceramic developments. This display will
be an integral part of this year's ceramic
engineering presentation.
Ceramic engineering is taught in a
curriculum which maintains a sound en-
gineering basis in mathematics, chemis-
tr>', physics, applied mechanics and en-
gineering design with electi\es in social
science and humanities, (^n this founda-
tion the stud\' of high temperature re-
actions and equilibria in the processing
of non-metallic, inorganic raw materials
is expanded to apply to the problems of
a wide variety of the process industries.
A particular emphasis is placed upon
the "ceramic industry," i.e., glass, re-
fractories, porcelain enamel, structural
clay products, abrasives, whitewares.
electrical components, and cement. Any
industry in v/hich high temperatvire
technology is employed is included.
Opportunities for professional devel-
opment for engineers with a ceranu'c
background are almost unlimited. The
broad traimng received in ceramic engi-
neering leads the graduates to positions
of responsibility in fundamental investi-
gations and research on materials, prod-
uct development, process development
and supervision, quality control, manu-
facturing administration ; or sales and
technical service in the raw materials,
mineral products, processing equipment,
and finished ceramic products. Those en-
gineers with a particular aptitude for
design have an opportunity for employ-
ment in fields where a knowledge of the
engineering properties of materials at
elevated temperatures is of paramount
interest, such as industrial furnace de-
sign, aeronautical and space applications.
or nuclear and conventional power
plants.
The ceramic engineer may become a
high-temperature materials specialist in
a modern engineering team devoted to
research, development, and operation, or
sales in a world that has needed and
utilized ceramics almost from the dawn
of civilization. The 1961 Engineering
Open House offers a glimpse at the role
played by the ceramic engineer in the
progress of societw
Visitors at 1960 Open House exhibit examining ceramic products
The measurement of electrical resistivity of a ceramic body as a function
of temperature is explained to a visitor at the 1960 exhibits.
Glazed ash roys made by ceramic engineering students are sold annual-
ly at exhibits.
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CHEMICAL
ENGINEERING
Visitor gets a free "shot" of chem-pop at the exhibit. This is port of a display illustrating gas absorption.
Chemical engineering can be defined
as that field in which industrial proc-
es.ses are u.sed to change or separate raw
materials into useful products. The
range and variety of processes that re-
quire the services of chemical engineers
are great. Upon touring the East Chem-
istry Building during the 1^61 Engi-
neering Open House one will see some
of the processes and equipment used
every day in the industrial world. The
majority of this equipment is located in
the four-story Unit Operation and Lab-
oratory and is appro.ximately the size
of pilot plant equipment, which is sim-
ply scaled-down, fully-operating mod-
els of the commercially emploved units.
The design and operation of the pilot
plant is generally the last important
step in the sequence of stages which
often start in a chemist's test tube and
may result in the full-scale operation of
a chemical plant. Pilot plant work thus
constitutes a very important and chal-
lenging phase of chemical engineering.
The tour of the "Unit Ops Lab," as
it is called by those closely associate<l
vrith it, will consist of demonstrations
and explanations of gas absorption, dis-
tillation, filtration, radio-chemistry, and
wave studies. In addition, a Chem-
Magic show will be shown in the lec-
ture room.
The gas absorption display, known as
"Chem-Pop," consists of a long, clear,
packed column containing uncarbonated
popade. The carbonating gas, carbon di-
oxide, is bubbled through the column
and is absorbed by the liquid, thus pro-
ducing a refreshing drink of sparkling
Chem-Pop as well as demonstrating the
gas absorption process.
The distillation process also requires
a clear plastic column. A solution of two
liquids of dififerent boiling points, one
of which is colored for visual identifi-
cation, is heated and thus vaporized.
The \apor phase, consisting initially of
both components, is forced up through
the column which, bv means of tower
trays and a lunform temperature gradi-
ent, gradually separates the two vapors.
The lower boiling component is re-
moved from the top of the tower as a
vapor while the other component con-
denses and flows back down through the
column.
A continuous \acuum rotary filter is
used to demonstrate filtration. A slurry
of colored calcium carbonate in water
is supplied to the feed pan through
which slowly rotates a canvas-wrapped
drum. The water is then sucked through
the can\as by virtue of a partial vacu-
um formed on the inside of the drum,
leaving the filtrate adhering to the can-
vas. The filtrate .is subsequently re-
moved by releasing the vacuum and
blowing the canvas radially outward as
it passes a blade. This type of filter has
foiuid widespread use in many separa-
tion processes.
The radiochemistry exhibit is intend-
ed to explain the operation of geiger
coimters and other instruments utilized
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in experimental work anil in radioactive
iheniical tracer teciiniques.
The research project ot a chemical
engineering graduate student will also
be used for display at open house. This
project consists of water and air How-
inir co-currently through a \2" \ 1"
charuiel. This equipment is heing used
to study the relation of the \,-a\e struc-
ture at the interface of a gas-liquid
How to the flow variables and fluid
properties. It is hoped to determine how
this structure affects turbulent proper-
ties in the gas and the rate of transport
of heat and mass through the liquid. A
method has been de\eloped for measur-
ing the fluctuations in the liquid inxoh-
ing the light absorption phenomenon. A
d\e is added to the water and a beam
of light is passed through the gas and
liquid perpendicular to the flow. The
wave structure is then determined by
the amount of light absorbed by the
liquid.
For the curious visitor, a Hilsch-\'or-
te\ tube will be on display. The tube
has a T-shaped entrv near one end, and
if air is introduced into this entry noz-
zle, hot air will flow out the long end
of the tube and cold air will exit the
short end.
Intended both to balance the tour of
the scientific and engineering aspects of
chemical engineering and to give the
possibly travel-weary visitor a chance to
relax for a few nu'nutes is the Cheni
Magic Show. It will be performed pe-
riodically and will prove to be enter-
taining as well as educational.
Another unique feature of the Chemi-
cal Engineering Department's Open
House Program is the use of guides
whose purpose is to lead the visitors
through the building and to attempt
answering any questions pertaimng to
chemical engineering.
Two New Research
Projects At U of I
Two research projects, one to in-
volve the designing and re-evaluation of
components, for residential construction,
the other a field investigation of elec-
trically-heated houses, will be conducted
by the Small Homes Council-Building
Research Council of the University of
Illinois as the result of two grants made
to the University. Announcement of the
grants, totaling $12,500, was made in
September.
Both studies will be carried out under
the direction of Rudard A. Jones, re-
search professor of architecture and
SHC-BRC director. Donald H. I'erci-
val, research assistant professor of wood
technology and utilization, is project su-
pervisor of the component study, while
Donald E. Brotherson, research assist-
ant professor of architecture, is chief
investigator of the heating studv.
Fermentation apparatus in chemical engineering enables biochemistry stu-
dents to study all types of biological action. Abovs we see 2 students doing
a little fermenting on their own.
«
I
«f
ilW Mik^ii^ij
FEBRUARY, 1961 29
CIVIL
ENGINEERING
Civil Engineering is one of the most
versatile fields of the engineering pro-
fessions. The civil engineer must have
a sufficient background to prepare him
in the undertaking of many different
problems that he may encounter. Some
of the many jobs the civil engineer is
responsible for are the design of high-
ways, bridges, dams, buildings, railways,
water supply facilities, sewage disposal
facilities, etc.
The Civil Engineering Department
offers a cin'riculum that gives the stu-
dent a broad and fundamental back-
ground that will enable him to begin a
career in any of the many fields of prac-
tice in civil engineering. During the
fourth year of study the curriculum per-
mits the student to explore further the
interest area of his choice. These fields
of interest are Highways, Structures,
Surveying and Photogrammetry, Soil
Mechanics, Hydraulics, Construction,
Traffic, Railway, and Sanitary Engi-
neering.
At the 1961 Engineering Open House
the civil engineering students invite you
to visit the Civil Engineering Hall to
see the demonstrations they have pre-
pared to help you more fully under-
stand just what civil engineering con-
sists of. Each of the major fields of in-
terest will offer its contribution to aid
you in this understanding.
The Iliyhuay option consists of the
design and construction of the highways
upon which you drive. Their display is
composed largely of photographs, mod-
els, large scale plans of highway facili-
ties. The emphasis for this displaj' is
placed upon the role of the highway
engineer in the planning, design, and
construction of these projects.
One of the larger models consists of
a scale reproduction of Interstate Route
74 passing through Peoria, Illinois, over
the new four lange bridge constructed
over the Illinois River. This model is
used as a visual aid in illustrating the
principles of intersection design, route
location, and geometric design of the
controlled access highways which form
the backbone of the nation's elaborate
Interstate System. The displays are sup-
plemented by the distribution of litera-
ture concerning other aspects of the
highway picture such as safety, admin-
istration, and legislation.
The Traffic Enijincerln/) option dis-
plays the proper method of timing of
traffic lights to provide efficient flow of
traffic through a city. There will also
be displayed many other items of inter-
est.
The Striictiirid option in civil engi-
neering is primarily concerned with the
application of engineering principles to
the design of engineering structures,
such as bridges, towers, and buildings.
This year the structural option commit-
tee is planning to feature at the Engi-
neering Open House several large ex-
hibits from industry along with student
prepared models. Among the student
prepared exhibits are : ( 1 ) a prestressed
concrete L -beam, designed to measure
weight by deflection; (2) models of dif-
ferent structural types from a simple
beam to a suspension bridge; (3) rub-
ber-sponge models of beams designed
to show the relative effects of shear and
moment for different depth to span ra-
tios; (4) a three story model of Frank
Lloyd Wright's "mile-high" building.
Among the several exhibits from indus-
try will be Portland Cement Associa-
tion's depiction of Portland Cement con-
crete as a major building material in
structures of all types.
The exhibit of the Sun<eying divisioti
consists mainly of examples of student
work, modern surveying equipment, and
photogrammetry displays. Mapping
projects, route surveys, and other stu-
dent projects will show guests and pros-
pective civil engineering students the in-
teresting problems that the surveying
courses treat. Examples of work done
on campus and at the summer surveying
camp in Minnesota will be on display.
The modern transits, levels, and other
instruments that will be on display are
topical of the equipment the students
work with. Exhibits from the field of
Photogrammetry
.
the science of making
measurements from aerial photographs,
include an aerial camera, a photo-mo-
saic of the Champaign - Urbana area,
and stereoscopes the guests may look
through and see in 3-D the area shown
in the photographs.
The Soils Mechanics and Foundation
group in the Civil Engineering Depart-
ment at the Lni\ersity of Illinois ranks
among the foremost of its kind not only
in the United States but throughout the
world. Professor R. B. Peck, noted au-
thor, lecturer and consultant in the field
of applied soil mechanics heads the
group, with the remainder of the perma-
nent teaching staff consisting of Pro-
fessors Thornburn, Ireland, and Deere.
The teaching of soil mechanics and
foundations at the University of Illi-
nois places emphasis on three separate
areas. These are, to quote from a recent
paper presented by Professor Peck—"a
thorough grounding in the theories and
concepts of the behavior of soil mater-
ials; a thorough knowledge of the ac-
cumulated experience of our contempor-
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aries and predecessors in the field ; and a
working knowledge and appreciation of
the aspects of <reolo<jy rehated to soil ma-
terials."
The portion of the open house dis-
play to be set up b\' the Soil Mechanics
(uoup will attempt to provide the pros-
pective college student as well as the
interested observer with superficial
knowledge of what soil mechanics and
foundations signifies in the field of ci\il
engineering.
To accomplish this goal a pictorial
display as well as a series of three model
disphus will be constructed. The latter
three displays will be concerned with
Quick Sand Phenomena, Bearing Ca-
pacity Failure, and Cjeologic Profile Il-
lustrating Settlement Due to Imposed
Foundation Loads.
The Hydraulic Eni/iiiccriny exhibit
conveys the fact that the development
of a river basin water resources plan is
one of the ways in which the hydraulic
engineer must efficiently correlate sev-
eral hydraulic structures and projects.
Some of the works involved are dams,
reservoirs, hydro-electric power plants,
levees, locks, and channel improvements.
From these works, by proper use and
control, come such benefits as Hood con-
trol, navigation, water supply, power,
irrigation, sediment control and recrea-
tion.
The Construrfiuri Enyiiiter makes
plans into reality. The purpose of the
display presented by The Illinois So-
ciety of Construction Engineers will be
to acquaint the high school student with
the type of problem faced by the con-
struction engineer and the resources he
has available to solve these problems.
The display will include an outdoor ex-
hibit of earth moving equipment, sam-
ple problems illustrating the use of
mathematical theor\" of linear program-
ming for the determination of the least
cost of equipment utilization and ma-
terial procurement on a specific "job,"
illustrations showing the opportunities
available to a person who becomes an
engineer in the world's largest industry,
and the importance of a formal educa-
tion to this person, and a model of the
assembly hall now under construction
at the University. Films of the "Drama
of Construction" will be shown continu-
ously.
The Ridiiiay option is concerned with
railwav' location, construction, operation,
and maintenance. Their display is com-
posed of railroad equipment models and
Illinois Central Railroad Equipment on
Abbott Power Plant Siding.
The problem of water suppl\' and
waste-water systems is essentialh what
the Sanitary Enyinccr deals with. Dem-
onstrations will be given at the Open
House explaining the analysis and treat-
ment of sewage and water.
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ELECTRICAL
ENGINEERING
Tom Smith and Carl Gruber inspecting apparatus for microwave investi-
gation of ionized gasses.
Dr. Landwehr in semi-conductor lab
Since the second World War, the
electrical engineering field has blossomed
out with a great burst of activity. The
advent of radar, for instance, has shown
the possibilities of microwaves. Now
LHF, VHF, and microwaves are used
in jet planes, missile guidance systems.
earth satellites, long distance telephone
communications, television network re-
lay apparatus, electric power company
control systems, and all types of research
including, for example, research in
gaseous electronics. The transistor,
which was at one time purely a research
device, is now commonplace in the home
as well as in industry. These examples
are cited only to give indication of the
expanding scope and breadth of the elec-
trical engineering profession. Even on
the campus of the University of Illinois,
there is an indication of the growing im-
pnrtance of electrical engineering.
Roughly one-third of all the engineer-
in;j students are in the electrical engi-
neering curriculum.
For the most part, however, this
year's Electrical Engineering Open
House will not attempt to display the
latest innovations in research. Instead.
it uill feature, in addition to some new
proiects, the most popular displays of
previous years. Rather than depend upon
outside exhibits and or elaborate perma-
nent apparatus within that department,
the majority of the E.E. displays are
projects constructed from common elec-
trical components by the E.E. students.
These exhibits, although not highly re-
fined in outward appearance, are clever-
1\ constructed and have incorporated
within them many subtleties of electri-
cal engineering. Exhibits of this nature
often prove to be the most interesting
from the spectators' point of \ iew.
An incentive provided by the Depart-
ment of Electrical Engineering for the
development of new and interesting dis-
plays is a method whereby a student may
receive academic credit for devising and
constructing a worthy exhibit. If an E.E.
student has plans for a new project, he
submits his ideas to a member of the
facidty. If the faculty advisor deems the
project economically, and of course, elec-
trically feasible, the student may regis-
ter for one hour of credit in the course
E.E. 271. Electrical Engineering Prob-
lems. A requirement for this credit is
a paper written b\ the student, which
liescribes the exhibit and explains its
operation. Many of the popular displays
of previous vears were the product of
E.E. 271.
Some of the more conventional elec-
trical exhibits are the Tesla coil, the
Van de Graali generator, and the Ja-
cob's ladder, with which many people
are familiar. Other displays which have
appeared at previous Open Houses in-
clude a high-current demonstration, m
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wliich a hacksaw bhuie is heated and
iiK'Ited in a tew seconds by the use of
only six volts; electronic Tic-Tac-Toe,
in which a spectator tries to beat the
computer (the computer always wins or
ties) ; Data-F"a\', a demonstration of
how photof^raphs are sent lonfr distances
over wires; a sonar exhibit, which meas-
ures the distance from the E.K. build-
ing to the object under observation by
the use of sound waves ; the kissometer,
a device measuring a couple's romantic
potential through oscillations; the edu-
cated whale, an electronic "whale
"
trained to move toward various light
sources; and a color organ, which dis-
pla\s various abstract designs in color
according to the frequencies or tones of
music.
A few of the exhibits that show mag-
netism and electromagnetic induction
principles are particularh' simple and
revealing, and at times are used as ped-
agogical aids. In particular, the electro-
magnetic motor has very few parts and
is probably the simplest form of motor.
It is ef1ecti\ely used in the first electri-
cal engineering course that the E.E.
major encovmters (E.E. 126). Other
displays which present magnetic phenom-
ena and which are not necessarily more
difficult to comprehend are the repelling
iron balls, the electromagnetic cannon,
and the strength tester. The theory for
these three displays is explained in later
courses. The theory for the strength
tester, for example, is explained in a
senior level electrical niachiner\' course
(E.E. 332).
Several projects involving the use of
a cathode ray oscilloscope will be pre-
sented. With an oscilloscope patterns
generator, many interesting traces are
generated on the screen of the scope. An
exhibit seenu'ngly created especially for
that species of beings known as know-
twisters is the smiling scope face. A face
is traced out on the oscilloscope screen,
and can be made to smile or frown
merely by turning knobs. Another spec-
tator participation display is the ghost
writer. A small electric pencil that
makes no physical contact with the oscil-
loscope can be used to write on the
screen of the scope.
, The light bvdb control, although rela-
tively simple, should prove to be one of
the most mystifying displays of this
year's (^pen House. A box showing two
Switches is connected to another box ex-
hibiting two light bulbs with only a
tingle wire between them. By emplgy-
ing a system of rectifiers (devices which
allow the passage of current in only
pne direction), unseen to the spectators,
ach switch can turn its respective light
pulb on or off through this single inter-
fonnecting wire.
Some apparatus for magnetic susceptibility measurements
There are also several special displays
roni other local organizations. One of
these is W'PGL , the student-operated
carrier-current radio station on the cam-
pus. Dining the open-house weekend,
WPC^U will be broadcasting programs
from a room in the Electrical E!ngineer-
ing Building. Another organization that
will provide a display is the Synton
R.ulio Club, the university amateur
club. Its members will exhibit and dem-
onstrate its equipment by attempting to
contact other "hams." The State Police
will demonstrate how speeders are trap-
ped by radar; and WILL-TV, the L'lu-
versity of Illinois T\' station, v.ill have
a closed-circuit TV^ camera in the build-
ing that people will see how the\ would
appeal' on television.
NbRUARY, 1961
'Ehe widesiuead t.\pes of exhibits at
the Open House iinlicates that for the
most part, lOlectrical Engineering is a
field primariK concerned with applied
science, rather than largely with re-
search. Many people who visit Open
House will be impre.ssed by the fact that
electrical engineering is capable of pro-
ducing ingenious devices of considerable
accuracy. P'or this reason, it lends itself
well for instrumentation in other fields,
and aids in the de\ elopmcnt of a variety
of tools for many areas of research, as
well as contributing to the creation of
the many devices which provide enter-
tainment or lessen the tasks of e\ery-
dav life.
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GENERAL
ENGINEERING
General Engineering is a versatile
curriculum. It provides for those stu-
dents who wish to combine an educa-
tion in engineering principles with sub-
stantial work in a secondary, non-engi-
neering field, such as administration,
geology', or sales. The student takes the
same basic courses as other engineering
students but instead of spending all his
time in one specialized field, the G. E.
student gains basic background in all
types of engineering in addition to the
secondary, non-technical field.
The graduate who has a broad engi-
neering education plus a background in
administration, sales, or technical jour-
nalism is much in demand by both in-
dustry and government. The typical en-
gineering graduate has no such supple-
mental education. In most cases the
journalism, management, or marketing
major has taken no engineering courses.
There is a great need for the man with
preparation in both fields. For example,
the salesman who sells technical prod-
ucts must know something about what
he is selling. The technical writer must
know the technical aspects of the sub-
ject he is writing about, and have jour-
nalistic ability as well. The engineer
who builds highways or structures and
who has further knowledge in geology-
is a pretty hand>' man to ha\e around.
The second field option is one of the
finest features of the general engineer-
ing program.
The different secondary fields are en-
gineering administration, engineering
sales, engineering geology, technical
writing, engineering law, and meteor-
ology. The student takes twelve hours
in his chosen field. The general engi-
neering department has a list of the
courses which the student can take to
meet the twelve hour requirement. Talk
to the students and facultv members
when you visit the General Engineering
exhibit during Open House. They will
be glad to answer the questions you ma\
have.
The (j. E. Department will ha\e its
exhibit in the Transportation Building.
Enter through the west door of the
building. The exhibit will be in four
rooms at the north end of the building.
The Hospitality Room v>ill be your
first stop. Here you will see an interest-
ing movie about different careers in en-
gineering. You can get acquainted with
the students and faculty. The seniors
will be around to answer the questions
you may have.
This year's G. E. (^pen House will
feature some new and interesting proj-
ects. They are briefly described below:
New Process for Distribution of
Drawing: An interesting exhibit ^vill
be the operation of new machinery' that
engineers have developed for the distri-
bution of drawings. This involves the
microfilming of original drawings, the
mounting of these individual microfilms
into aperture filing cards, and the auto-
mated copying of drawing prints of
variable sizes. With this svstem, the dis-
tribution, revision, and filing of draw-
ings is greatly facilitated. Several large
corporations and agencies in the Armed
Forces have adopted the new process.
This saves them hundreds of square
feet in storage space, tons of printing
materials, and mailing and distribution
costs.
Air Brush : The air brush is an instru-
ment used in the shading of drawings.
Many different designs can be made
with it. This will be an audience-par-
ticipation display where you can use the
instrument to make any designs you
want.
Drafting: Engineering drawing is a
universal means of communication be-
tween engineers, scientists and techni-
cians. The engineer and draftsman use
many mechanical aids for drawing. You
will observe students making se\eral
kinds of drawings used in engineering.
Model Chemical Plant: This model
is correct in every detail, showing how
the thousands of pipes, valves, recep-
tacles and other equipment of a chemi-
cal plant are organized in three-dimen-
sional reality, before the plant construc-
tion is authorized and begun. The model
is so faithful to the real thing, that it
is placed in the middle of the construc-
tion site for constant reference by engi-
neers, steamfitters, steel workers, elec-
tricians, and all others building the
plant. Plastic modeling is a new and
effective way to design which saves
thousands of dollars, and avoids mis-
takes.
History: The history of engineering
encompasses the technological accom-
plishments from the stone age to the
space age. A panoramic displa\" will pre-
sent the aspects of man's progress. It
shows the effect of engineering on the
social and economic conditions of past
societies.
Law : An engineer should know the
legal aspects of his field. A display will
explain the legal problems encountered
in acquiring property' and in making
contracts for engineering projects. The
correct procedure for obtaining a patent
will be shown in detail.
These displays should give you some
insight as to what the engineer does.
Once each year, in March, the faculty
and students in the College of Engineer-
ing make a special effort to show the
college and its facilities for visitors. We
will try to show what engineering is
today and what it may be tomorrow.
Come around and see us during Open
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At the general engineering cAlnbit many drawing tricks and theories are
represented. Above 2 demonstrators use lettering aids.
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MINING ENGINEERING
Graduate laboratory for mining engineering students
Alining Engineers are concerned with
finding mineral deposits, with exploring
the size and evaluating the richness of
such finds, with determining whether
profitable mining is possible, and with
choosing a method for extracting, re-
covering, and treating the ore. Mining
Engineers also design and select the
processing equipment, purchase com-
ponents and supervise the erection of
the plant, and operate both the extrac-
tion and treatment facilities. Except as
managers or executives, mining engi-
neers ordinarily consider their work
done when the product is shipped or
supplied to cars for shipment.
As a profession, mining engineering
covers, in general, the removal of use-
ful minerals from the earth's crust, their
concentration, cleaning, or other treat-
ment, and their processing into a mar-
ketable product. Some mining men, of
course, cover the whole range of this
kind of activity, while others confine
themsehes to a single aspect or special-
ty.
Coal production is one of the most
important areas of activity in mining
engineering, with a total yearly market
value about equal to that of all the
metals combined. Metallic mining re-
fers to iron, copper, gold, lead, silver,
zinc, etc. Non-metallic mining refers to
potash, limestone, silica, sand, etc. Mines
producing both types of these materials
£re called "hard-rock" mines.
The Department of Mining and
Metallurgical Engineering at the Uni-
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versity of Illinois offers three degrees
in mining. The bachelor of science in
Mining Engineering is granted upon
completion of the normal four-year cur-
ruclium, and is recognized by the in-
dustry as having prepared the gradu-
ate for any beginning technical position
in the practice of mining engineering.
The Master of Science program re-
quires at least two and generally three
semesters beyond the first degree, and
prepares the student for research or un-
dergradiiate teaching in the field. The
Doctor of Philosophy degree, demand-
ing a total of at least three years spent
in successful advanced study, recognizes
the results of individual research efforts
and original contributions to engineer-
ing knowledge.
At Illinois, beginning undergradu-
ates in mining curricula take the usual
basic courses in theoretical and applied
mechanics, physics, and mathematics. In
addition, however, the mining major
draws from other fields to provide a bet-
ter rounded and more diversified cur-
riculum than is usual in engineering.
Specifically, rather than taking many
courses in a specialty, the mining stu-
dent gets an insight into many topics.
These include geology, economics, chem-
istry, civil engineering, structural engi-
neering and surveying, electrical power
and machinery, air-steam-gas equipment
from mechanical engineering, plus min-
ing techniques which range from_ geo-
physical prospecting through hoisting
and haulage to mineral dressing or proc-
essing. Both technical and non-technical
electives permit students of mining engi-
neering to follow their own interests
into advanced courses.
Prospecting exhibits will include such
geophysical devices as "black light, a
magnetometer, and various geophysical
charts. A diamond drill will be on dis-
play along with several cores which have
been prepared in the laboratory as well
as some donated by various industrial
groups. Several types of core bits will
also be available for inspection by visit-
ors.
Mine operation exhibits will include
a laboratory model of an automatic
hoist similar to those in wide use in
the industry today. A model of an un-
derground stope using a "slusher hoist^
for loading ore will be displayed in such
a way that visitors will be able to test
their ability to drag ore with a scraper
to a grizzly. Various ventilation devices
used in underground operations will
also be available for inspection by inter-
ested visitors. Methane detectors of vari-
ous types, centrifugal fans as well as
axial-flow fans, a midget impinger (used
to collect air samples for dust-count de-
terminations), and a model of an un-
derground coal mine showing how the
mine could be ventilated using two
splits of air will also be shown.
Mineral processing equipment on dis-
play will include various t\pes of crush-
ers,' a Chance Cone, a Hartz Jig, a Wil-
fley Table, and a high pressure cyclone.
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OPEN • HOUSE
JNIVERSITY OF ILLINOIS III!MAnCU lO-ll, 1961 • URBANA
Greetings to Open House Visitors
from Students and Faculty
You are especially welcome guests, both because of the interest you are takiiio;
in your state university, and because the nation needs technically educated as well
as technically aware citizens. Thus we are happy to have you visit us uhether \ou
seek acquaintance with engineering as a possible field of study and career, or whether
you wish to find out the responsibilities of an engineer as a professional man.
For all of you we will tiy to make available insights into engineering as an
undergraduate study, and an increasingly challenging field for graduate work as
well. We will try to display courses and textbooks, laboratories, student activities,
and at least a partial reflection of our broad research interests. The students of the
College, who are largeh' responsible for planning and preparing Open House, and
the Faculty, who support and advise them, join in inviting you and in welcoming
your arrival.
John Raffl
Stiiilcrit General Chair iiian
W. ly. EVHRITT
Dean, (^nllei/e of F.iit/iiieeriii//
STUDENT VICK-CH.AIRMEN
Tom Metzger—Coordination Joe Wdowiarz
—
High School l'uhlint\
Robert C. Miller—Publicity Joe Rohaly—Secretary-Treasurer
Robert Yackel—Art and I^esign Jim Murphy—Physical Arrangements
Prof. E. C. McClintock—./^/fHcr
The Cover: The photoelastic model of a steel beam shows stress concentration.
This is accomplished with monochromatic, polari/ed light passed througli a plastic
model of the beam, which is loaded as the actual beam will be when it is in use.
INFORMATION
Engineering Open House Headquarters
are located in Room 57 of the Electri-
cal Engineering Huilding and in Room
1(1 of the Ceramic Engineering Huild-
ing. Information concerning Open
House, the College of Engineering, and
the University will be available at these
locations.
GUIDED BUS TOURS
To Betatron, Power I'lant, and Illi-
nois Central Railroad exhibits. Free
buses leave every half hour from the
corner of Hurrill and CJreen Streets, at
Civil Engineering Hall, for the Beta-
tron, power plant, and railroad exhibit.
The railroad equipment, including a
die.sel locomotive, standard coach, dy-
namometer car, caboose, and road bed
maintenance machinery, will be spotted
on the University siding near Abbott
Power Plant at the Stadium I)ri\e Un-
derpass. During the trips. Tau Beta Pi
guides on the buses will indic.itc points
of campus interest.
FOOD SERVICE
The cafeteria located in the basement of
the mini Union serves lunch from
ll:.^() A.M. to 1:15 P.M., and the
fountain is open from 2:00 to 4:30
P..M. 1 here are also many restaurants
in the campus business district.
Aeronautical Engineering
Aero Labs B and A
ENGINES
Ram Jet; Ground Effect Vehicles;
Rocket; Turboprop; Turbojet; Pulse-
jet Engine; Tesla Turbine; Peripheral
Compressor.
TEST EQUIPMENT
Shock Tube; Photoelastic Structure
Test; Smoke Tunnel; Aero-Structures
Testing; Subsonic Wind Tunnel and
Flutter Testing; Plasma-Jet Generator.
MISCELLANEOUS
Orbit and Trajectories Exhibit; Flight
Regime Problems. Analog Computer;
Movies—missiles and aircraft.
Agricultural Engineering
Display on Burrill St.
FARM STRUCTURES
Joint and Wall Construction Proced-
ures.
POWER and MACHINERY
Tractors; Tractor Testing; Hay-Mak-
ing.
SOIL and WATER
Drainage Tile ; Sur\eying Equipment
;
Conservation Control Structures.
ELECTRICITY and PROCESSING
Automatic Feed Handling; Electric
Motors; Environmental Control.
Ceramic Engineering
Ceramics BIdg.
PREPARATION of CERAMIC BODIES
Simson Mixer—dry mixing and press-
ing. Extruding Machine.
KILNS and SMELTERS
Kiln with Optical Pyrometer; Crucible
and Rotary Enamel Smelters.
PRODUCTS of CERAMIC
TECHNOLOGY
Floor and Wall Tile; Refractory Brick;
Ceramic Nose Cone Components ; Sewer
Pipe ; Electrical Ceramic Components
;
Abrasives; Vitreous and Semi-Vitreous
Dinnerware; Porcelain Enamels; Glass.
Movies—Ceramic Production.
Chemical Engineering
East Chem. Bidg.
EQUIPMENT
Glass Distillation I nit ; Rotary Filter;
Hilsch Tube — defies thenr.odynamic
laws; Radio Chemistry—radiation de-
tection.
MISCELLANEOUS
Wave P'ormation ; Chem Pop free re-
freshment ; Chem Magic Show
—
pre-
sented on the hour.
Civil Engineering
Civil Engr. BIdg.
CONSTRUCTION %
Buildings; Highways; Structures De-
sign ; Sur\eying; Photogramnietry
;
Railways.
HYDRAULICS and SANITATION
Water Supply, Treatment; Flood Con-
trol ; Sewage Treatment and Disposal.
SOIL MECHANICS
Retaining Wall Failure Demonstration;
Foundation Failures Demonstration;
Ground Settlement I nder Loads.
TRAFFIC
Traffic Signals; Radar Speed Detection;
Automatic Volume-Density Computer.
Open House visitors examine the large volume of
turbulent flow erected from the small but high-speed
volume of laminar flow seen to the right in the
fluid mechanics laboratory.
Electrical Engineering
Electrical Engr. BIdg.
COMMUNICATION
UHF and Microwave Transmission;
WPGU—Student Radio Station ;
WILL—L niversity Television Station;
Stereophonic Sound Exhibit; Commer-
cial Radio Transmitter.
ELECTRONICS
Lie Detector ; Ghost Writer ; Kissom-
eter; Oscilloscope Display; Electronic
Whale; Talking Dog; Sonar; State Po-
lice Radar; Electronically Controlled
Ball; Electronic Humidity Control.
MAGNETISM
Strength Tester; Repelling Iron Balls;
Electromagnetic Motor and Cannon.
MISCELLANEOUS
Van de Graafi Generator; Jacob's Lad-
der; One-Wire Light Control; Donner
Computer; Data-Fax; Tesla Coil;
Color Organ; Hand-Eye Coordination
Tester.
Research instollotion for study of mochine-tool wear
and cutting efficiencies, o bosic mechanical engineer-
ing investigation of great importance to Illinois
industry ond to notional productivity.
General Engineering
Transportation BIdg.
ENGINEERING GRAPHICS
Student Demonstrations of Problem-
Solving; Graphic Aids and Illustrating
Methods; Air-brushing; New Drawing
Distribution System.
SPECIAL TOPICS
Engineering History ; Engineering Law
Hospitality Room; Guidance Movies.
Industrial Engineering
135 and 235 M. E. BIdg.
SAFETY
Machine Guards; Firehghtirig Equip-
ment ; Fume Control ; Dust Explosions.
WORK-STUDY & ANALYSIS
Method - Time Analysis; Plant Lay-
out; Linear Programming and Statis-
tics; Materials Handling Equipment.
TOOL ENGINEERING
Tooling; Dies; Production Tools.
Mechanical Engineering
Mechanical Engr. BIdg.
METAL WORKING
Heat Treatment; Metal Cutting;
Welding; Metal Casting—at Foundry
Lab (Springfield Avenue).
FIELDS OF INTEREST
Machine Design; Heating and Ventilat-
ing; Physical Environment Laboratory;
Internal Combustion Engines.
INFORMATION
Pi Tau Sigma—M. E. Honorary So-
ciety; American Society of Mechaiu'cal
Engineers Student Branch.
Metallurgical Engineering
Metallurgy Lab.
PROCESSES
Heat Treatment of Steel; Welding;
Production Steps in Steelmaking; Roll-
ing Mil! Demonstration.
METAL STRUCTURE
Phase Changes in Steel ; Crystal Mod-
els ; Metals under the Micro.scope;
Movement of Crystal Imperfections.
MISCELLANEOUS
Powder Metallurgy; Corrosion in Ac-
tion ; Thermocouples ; Display of Met-
als; Zinco; Photography in Metallurgy.
What's it take to make the right connection?
Plenty! Consider the problem. Western Electric inannfac-
tnres the switching s\stems which connect some 6()-millic)n
Bell telephones throughout the U. S. The average call over
tocla\ s electromechanical system requires 420 relay opera-
tions. All together, this interconnecting eijiiipment makes
up the heart of what is, in effect, the world's largest machine.
That's where Western Electric and you come in. Tlic
switching equipment for this "machine" involves an enor-
mous manufacturing job carried on by our plants throughout
the couutr\-. Because of the size and service requirements
involved, we require qualit\' standards far exceeding those
of oidinary manufacturing. The size of this job presents an
unusual challenge to the engineer who may save the Bell
S\stem many thousands of dollars by even a small cost-
reduction step.
While today's switching calls for a priority on engineer-
ing, tomorrow's will be even more exciting. For cnxmi now
the revolutionars' Electronic Central Office is under field
trial and promises to remake the world of telephoin-. Future
Western Electric engineers, working closel>' with their
counterparts at Bell Telephone Laboratories, will concen-
trate hcavil)- on developing manutactming methods lor this
ECO eciuipnient.
Your Western Electric assignments may cover many of
our other responsibilities as the world's leading communica-
tions manufacturer. Perhaps you'll work on ach'ances in
microwave transmission, or even on satellite communications.
Joining Western Electric may well be your right
connection.
Opportunities exist for electrical, mechanical, industrial, civil and
chemical engineers, as well as physical science, liberal arts, and
business majors. For more information, get your copy of "Western
Electric and Your Career" from your Placement Officer. Or write
College Relations, Room 6105, Western Electric Company, 195 Broad-
way, New York 7, N. Y. And be sure to arrange for a Western Electric
interview when the Bell System recruiting team visits your campus.
M;w7^7fr£i££^
MANUfACTUBINC AND SUPPLY UNIT OF THE BELL SYSTEM
Principal manufacturing locations at Ctiicago, III.; Kearny. N. J.: Baltimore, Md.; Indianapolis, Ind.i Allenlown and Laiireldale. Pa.; Winston-Salem. N. C: Buffalo, N. Y.; North Andover,
Mass.; Omatia, Neb.: Kansas City, Mo.; Columbus, Ohio; Oklahoma City, Okla. Engineering Research Center. Princeton. N. J. Teletype Corporation, Skokie. HI., and
tittle Rock. Ark Also Western Electric distribution centers in ,3.^ cities and installation headauarters in 16 cities General headauarters 195 Broadway. New York 7. N. '*
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Wliat woiild YOU do
as an engineer* «
Development testing of liquid hydrogen-fueled rockets is car-
ried out in specially built test stands like this at Pratt &
Whitney Aircraft's Florida Research and Development Center.
Every phase of an experimental engine test may be controlled
by engineers from a remote blockhouse (inset), with closed-
circuit television providing a means for visual observation.
ratt & Whitney Aircraft?
Regardless of your specialty, you would work in a
favorable engineering atmosphere.
Back in 1925, when Pratt & Whitney Aircraft was
designing and developing the first of its family of
history-making powerplants, an attitude was bom—
a
recognition that engineering excellence was the key
to success.
That attitude, that recognition of the prime impor-
tance of technical superiority is still predominant at
P&WA today.
The field, of course, is broader now, the challenge
greater. No longer are the company's requirements
confined to graduates with degrees in mechanical
and aeronautical engineering. Pratt & Whitney Air-
craft today is concerned with the development of
all forms of flight propulsion systems for the aero-
space medium—air breathing, rocket, nuclear and
other advanced types. Some are entirely new in
concept. To carry out analytical, design, experimental
or materials engineering assignments, men with
degrees in mechanical, aeronautical, electrical, chem-
ical and nuclear engineering are needed, along
with those holding degrees in physics, chemistry
and metallurgy.
Specifically, what would you do?—your own engi-
neering talent provides the best answer. And Pratt
& Whitney Aircraft provides the atmosphere in which
that talent can flourish.
For further information regarding an engineering
;areer at Pratt & Whitney Aircraft, consult your col-
ege placement officer or write to Mr. R. P. Azinger,
Engineering Department, Pratt & Whitney Aircraft,
East Hartford 8, Connecticut.
Af P&WA's Connecticut Aircraft Nuclear Engine Lab-
oratory (CANEL) many technical talents are focused
on the development of nuclear propulsion systems for
future air and space vehicles. With this live mock-up
of a reactor, nuclear scientists and engineers can
determine critical mass, material reactivity coefficients,
control effectiveness and other reactor parameters.
Representative of electronic aids functioning for P&WA
engineers is this on-site data recording center which
can provide automatically recorded and computed
data simultaneously with the testing of an engine. This
equipment is capable of recording 1,200 different
values per second.
Studies of solar energy collection and liquid and vapor
power cycles typify P&WA's research in advanced
space auxiliary power systems. Analytical and Experi-
mental Engineers work together in such programs fo
establish and test basic concepts.
PRATT & WHITIVEY AIRCRAFT
Division of United Aircraft Corporotion
CONNECTICUT OPERATIONS - East Hartford
FLORIDA RESEARCH AND DEVELOPMENT CENTER - Palm Beach County, Florida
WEAPONS SYSTEMS ANALYSIS • FEASIBILITY STUDIES
^'mwL . BASIC AND APPLIED RESEARCH
PHYSICISTS . MECHANICAL
• ELEQRJCAL ENGINEERS
See your Placement Office for additional
information and interview dote or write
Don Armiger, College Relations Administrotor
LABORATORIES
^f^MW DIVISION OF VITRO CORPORATION# mf OF AMERICA
14000 GEORGIA AVENUE, SILVER SPRING. MD., WHITEHALL 2-7200
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Mining Engineering
Mining Lab.
MINE EQUIPMENT
Automatic Hoisting; Mine Ventilation;
Slusher Loading.
MINERAL PROCESSING
Cones; Jigs; Tables.
PROSPECTING
Geoph>sical ; Diamond Drill.
Petroleum Engineering
Mining Lab.
SOURCES and EQUIPMENT
Model C^il Resenoir; Model Drilling
Rig; Oil Well Sur\eying Truck and
Equipment; Gas Drive; WaterHooding.
Physics
Physics Lab.
LOW TEMPERATURE PHYSICS
Liquified Gases, 200° Below Zero.
NUCLEAR PHYSICS
Geiger Counters ; Radioactivity ; Spark
Chamber for Cosmic Ra>s.
ELECTRICITY and MAGNETISM
Measuring the Speed of Light Elec-
tronically; Movies—room 119 Phys.
Lab. ; Schedule will be posted.
OPTICS
Spectra from Gaseous Discharge; Land
Two-Color Photography.
CYCLOTRON Nuclear Radiation Lab.
Electromagnetic and Electrostatic nieans
used to impart high speeds to electrified
particles. The particles are used to bom-
bard atomic nuclei, producing trans-
mutations and artificial radioactivit>.
BETATRON Physics Research Lab.
Electromagnetic .ncceleration ot elec-
trons to fonii a narrow beam of Beta
rays, then used to generate high-voltage
X-rays and to transmute elements.
Demonstration of o rotary device powered by emission
of electricolly-chorged ions flt very high voltages.
Such devices moy in the future be of major use for
propelling missiles or other vehicles in space.
Theoretical and Applied
Mechanics
Talbot Lob.
STRESSES and STRAINS
Threc-.Million-l'ound Te.st .NLichine
—
Concrete cylinders will be compressed
Friday : 1 1 a.m. and 2, ,?, 4, 5, and 7.
8, 9 p.m. (on the hour) ; Saturday: 10.
11 a.m. and 1, 2, 3, 4 p.m. (on the
hour) ; Photoelastic Stress .Measure-
ment ; Experimental Stress Measure-
ment; .Materials Testing.
HYDRAULICS
Fluid .Mechanics; H\(lraulic Machin-
ery and applications of hydraulic forces.
MISCELLANEOUS
Metals and Fatigue; Vibration Models;
Engineering Mechanics Curriculum.
Digital Computer Laboratory
Mechanical Engr. Lab.
The Laboratory consists of the Illiac
digital computer, which was built at the
I niversity, and an I.B..M. h?0. The
Laboratory also has under construction
a new computor 50-100 times as fast as
Illiac. The Illiac will be explained and
demonstrated ever\- hour on the hour.
Laboratory personnel will also be on
duty continuously to answer questions.
R.O.T.C. Units
AIR FORCE E. E. BIdg.
Jet Engine Cutaway Model : Scale
Models of Missiles; Pilot's Personal
Equipment.
ARMY CORPS OF ENGINEERS
153 M. E. B.
Fixed and Floating Bridge Models; De-
tection Equipment for Mine Warefare
;
Corps of Engineers Construction Proj-
ects.
ARMY SIGNAL CORPS 153 M.E.B.
Telephone and Teletype Communica-
tions; A.M. Radio—in operation.
ARMY ORDNANCE 143b M. E. B.
Ammunition—shaped charge. plastic
antitank mine, tungsten sabot round,
high explosive plastic round ; Powder
Aletallurg>- Display; T.N.T. Plant
Lavour.
NAVAL R.O.T.C. 152-154 M.E.B.
AVIATION and ASTRO SPACE
Carrier Warfare; Air-to-Air Missiles;
Control Systems; Radio Telescope.
SUBMARINE and SURFACE FORCES
NucleriT Submarines ; Antisubmarine
Warfare; Surface-to-.Air Missiles.
Core of the TRIGA nucleor reactor, viewed through
the protective water shield. Above, the reactor is
cold, showing the central group of fuel and modcr-
otor units; below, ot full power, it is lighted by
the blue glow of Cerenkov radiation.
Nuclear Engineering
Mechanical Engr. Lab.
SUBCRITICAL ASSEMBLIES
1 hree units, two uranium-graphite and
one light-water-uranium, will be on dis-
play, with appropriate neutron counting
equipment in operation.
BOILING WATER LOOP
Designed to simulate the heat-transfer
conditions of nuclear reactors, this high-
capacity loop will be explained for those
interested.
NUCLEAR METALLURGY
Facilities for uranium processing and
fuel-element fabrication. ( Explaine<l for
those with special interests.
)
THE ILLINOIS TRIGA
Nuclear Reactor Lab.
This 100-Kilowatt reactor uses 4.3
pounds of L'-2.i5 as fuel. -A "blue glow"
cau.sed by the nuclear radiation can be
viewed safely from the top of the re-
actor \ihile it is operating.
Drill Meet
( )pen House visitors are invited to at-
tend the Pershing Rifles Invitational
Drill Meet of nearly KMI teams PViday
afternoon and all day Saturd.-i\'. Buses
will stop at the .Armory, south center
door on Gregory Drive.
Open House hours: Friday 10 a.m. to
9 p.m. ; Saturday 9 a.m. to 5 p.m.
Textbook Exhibit
A display of textbooks used in College
of Engineering courses has been pre-
pared b\' Tau Beta Pi, all-engineering
scholastic honorary fraternity. Ques-
tions about the College, curricula, and
student preparation will also be an-
swered at the Tau Beta Pi counseling
room in Electrical Engr. Bldg.
Scholarship Exhibit
A display of the many scholarships avail-
able to students of the L niversity of
Illinois will be presented by Sigma Tau,
all-engineering scholastic honorary fra-
ternity. Questions concerning require-
ments for eligibility and procedures for
application will be answered at the
Sigma Tau display in the Electrical
Engineering Building.
Mathematics
Although it is a science of its own.
mathematics is very closely related and
essential to engineering. Sigma Tau fra-
ternity will present a display of fields
of mathematics along with practical ap-
plications to engineering in the Electri-
cal Engineering Building.
St. Pat's Ball
Held on Saturday, March 11 from 9:00
p.m. to 1 a.m. in the Illini Union Ball-
room.
Open House Coordinating Committee
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OPEN HOUSE TOUR
ENGINEERING CAMPUS
UNIVERSrrY OF ILUNOIS
PETROLEUM
ENGINEERING
The Petroleum Engineeriii^ Depart-
ment at the University of lUinois dif-
fers sh'ghtly from that of most petrole-
um engineering; schools. This difference
is hrought about chiefly by the geogra-
phic location of the Urbana campus.
Most petroleum schools are located in
the Southwest with producing oil wells
present either on the University cam-
puses or nearby. This situation leads to
the easy accessability of heavy eq\np-
nient such as drilling rigs and pvunping
installations. Through these circum-
stances, the petroleum engineering cur-
riculum at many schools is easily geared
toward petroleum production. The Uni-
\ersity of Illinois, located outside the
petroleum producing region of the Illi-
nois basin, makes no attempt to com-
pete with the Southwestern schools in
this facet of the petroleum engineering
field. There are, howe\er, two main
classifications of petroleum engineering:
petroleum production and leservoir en-
gineering. The latter is emphasized at
the L ni\crsity of Illinois.
Reservoir engineering ma\ be defined
as the application of scientific principles
to the drainage problems arising during
the development and production of
fluid producing reservoirs. These prob-
lems must be attacked so as to yield
the highest productivity at maximum
efHciency. An luiderstanding of these
problems is gained through a background
of chemistry, physics, mathematics, sub-
surface geology and special petroleum
engineering applications of these basic
sciences. Since the trend in the petrole-
um industry is now reservoir engineer-
ing, our petroleum department is look-
ing forward to both increasing growth
and stature.
The undeigradviate curriculum is
tailored to give a background in the
fields named above. The reservoir en-
gineering courses then tic this gcTieral
knowledge together into reservoir appli-
cations. In a<ldition, a petroleum produc-
tion survey course and se\eral labs are
offered. One of these labs gives the
opportumty to do individual research at
the undergraduate IcmI.
The department also has a complete
graduate program which maintains .1
clo.se association with the Illinois State
(Geological Surxey located on the cam-
pus. The faculty aiul graduate program
is set up to do a great ileal of research
work both independentU- and under
grants from various agencies. Much of
this work is publishe<l either in trade
maeazines or b\' the ( Geological Survey.
The petroleum engineering faculty
consists of several people well known
in industry and academic circles.
Aside from stricth' academic en-
deavors, the petroleum engineering stu-
dents are members of the Society of
Petroleum Engineers of AI.ME. This
orgaiuzation is the professional engineer-
ing society of our field. Its activities in-
clude lectures by distinguished visitors,
field trips, and social functions. It also
gives the students and the faculty an
opportunity' to become better acquainted.
The petroleum engineering Open
House displav is located in the Miiuiig
Laboratory. This year we are fortunate
in having a commercial well logging
truck and its allied equipment for dis-
play. This equi|Mnent is one of the main
tools for gathermg reservoir data. We
will al.so displa\' a model drilling rig
and a reser\oir model which shows the
displacement of fluids under water and
gas drives.
FREE OPEN HOUSE
PROGRAM
— just tear out pages 37, 38, 43, 44
or, better still,
come to OPEN HOUSE !
!
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MECHANICAL
ENGINEERING
The Department of Mechanical En-
ijineen'ng of the University of Ilh'nois,
recognized as being one of the best in
the nation, has its main offices located
in room 144 of the Mechanical Engi-
neering building. This building, located
on the corner of Mathews and Green
Streets, furnishes most of the classroom
space for the department and, in addi-
tion, provides classroom space for other
departments of the University. The Me-
chanical Engineering building is one of
the largest in the University with re-
spect to classroom space and, in addi-
tion, has many laboratories located with-
in the building in which students of the
ilepartment carry out laboratory work
and research. The Mechanical Engineer-
ing building also provides office space
for a large majority of the department
staff.
The Mechanical Engineering Labora-
tory building, located on Mathews,
houses the heat and power laboratories
for the department. This building also
provides some classroom and office space
as well as facilities for research.
The department operates a foundry
located north of the Mechanical Engi-
neering Laboratory.
Within these three buildings, the fol-
lowing laboratories are located : power,
physical environment, internal combus-
tion engine, machine tool, metal cutting,
welding, foundry, sand testing, heat
treatment of metals, machine design,
motion and time study, instrumentation
and controls, heat transfer and combus-
tion, thermodynamics, fuels and lubri-
cants, gage calibration, tool design, and
plant layout.
The fact that the Mechanical Engi-
neering department has the excellent
facilities mentioned above is not the pri-
mary reason why the department is rec-
ognized as one of the best in the na-
tion. The Alechanical Engineering de-
partment is built around its outstanding
staff and curriculum. The curriculum is
designed to prepare the student for posi-
tions in industry and to encourage the
student to continue his education after
graduation.
The (Graduate School of the Mechan-
ical Engineering department is one of
the best in the country, again as a re-
sult of the excellent staff, curricidum,
and facilities available to the graduate
student.
The entrance requirements for the
underirraduate department of Mechan-
ical Engineering are as follows:
English—3 units
Algebra—2 units
Plane Geometry— 1 unit
Trigonometry
—
J/> unit
In addition, the following subjects
are recommended for admission:
Language—2 units
Science—2 units
Solid Geometry
—
J/> unit
Social Studies—2 imits
Advanced ALatheniatics
The first year of undergraduate study
in the department follows the common
freshman engineering program. The sec-
ond year program provides a strong
fovmdation in Mathematics, Physics,
Mechanics, and basic Mechanical Engi-
neering courses. The third year intro-
duces the student to some of the most
important subjects in Mechanical Engi-
neering. The student is also required to
take courses in the Social Sciences and
Humanities. Before graduation, the stu-
dent must have completed a minimum
of twelve hours in the Social Sciences
and Humanities. During the last two
years of undergraduate work, the Me-
chanical Engineering department ar-
ranges for the superior students special
sections in many of the department's
courses. These special sections provide
the student with a more comprehensive
investigation of the subject.
The senior year pro\ides the student
with electives which can be chosen from
a particular branch of Mechanical E;i-
gineering such as machine design or
themiodynamics.
Upon the satisfactory completion of
\^6 hours of comse work exclusive of
Military Training and Physical Educa-
tion, the student will receive a B.S. de-
gree in Mechanical Engineering. The
department's graduate school offers
work leading to either a ALS. or Ph.D.
in Mechanical Engineering.
During Engineering Open House the
buildings of the Mechanical Engineer-
ing department will be open to the pub-
lic and the equipment and other facilities
as well as special exhibits will be on dis-
play. The following is a brief descrip-
tion of what can be seen
:
In the Mechanical Engineering build-
ing the visitor will see, first of all, the
internal combustion engine laboratory.
This laboratory provides facilities for
the testing of modern internal combus-
tion engines. This laboratory also pro-
vides facilities for combustion and fuels
research. The engines used in this work
will also be on display.
The heat treatment of metals labora-
tory will acquaint the visitor with the
man\ methods of heat treating metals
and methods of temperature measure-
ment. The visitor will be able to observe
under the microscope the metallic struc-
tures resulting from various heat treat-
ing methods.
The machine tool laboratory will have
on displav machines such as lathes, mill-
ing machines, shapers. and other special-
ized equipment usually found in indus-
try. In the metal cutting research labora-
tor\\ the visitor will be acquainted with
the methods of research now being car-
ried on in the field of metal cutting.
The welding laboratory will have on
display the many processes used in this
important method of fabrication.
The machine design department will
have on display many of the common
mechanisms used in the design of ma-
chinery as well as many unusual devices
seldom seen.
The heat power laboratory will ac-
quaint the visitor with much of the
equipment used by the students. Steam
power equipment, air compressors, diesel
engines, heating, air conditioning, re-
frigeration equipment, and other large
pieces of equipment will be on display.
The foundrv will provide the visitor
with an insight into the art and science
of metal casting.
In addition to the displays directly
concerned with the curriculum of the
department, the Mechanical Engineer-
ing societies will also have displays
which will interest the visitor.
Pi Tau Sigma, national mechanical
engineering honorary society, will give
a more detailed explanation of the Me-
chanical Engineering curriculum.
The A.S.ALE. will provide informa-
tion concerning opportunities open to
graduate mechanical engineers.
In conclusion, we would like to ex-
tend an in\itation to all those interested
in the field of Mechanical Engineering
to attend our Engineering Open House
displays.
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Mechanical engineering students working in the lob taking data as others look on
Shown above is one of the many engine lathes used to study metal cutting. Dynamometer attached measures
the forces involved in cutting.
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PHYSICS
DEPARTMENT
In some respects the Physics Depart-
ment differs from other engineering eie-
partnients at the University. Its student
body consists of both Engineering
Physics students from the College of En-
gineering and Physics majors from the
College of Liberal Arts and Sciences. In
either case the curriculum is essentially
the same, with emphasis on the funda-
mental and theoretical aspects of physics.
Yet the curriculum is sufficiently flexi-
ble to allow a student to emphasize any
phase of engineering that lie desires.
Perhaps the majority of the physics stu-
dents plan to continue their studies with
graduate work in physics or related
fields. It is significant then that, of the
top five per cent of all engineering stu-
Two students preparing to perform an experiment to measure the ratio of electron charge to mass
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ilerits, twenty per cent are Engineering
Physics students.
The Physics Department is recog-
nized as one of the best in the nation.
Here graduate students and faculty en-
gage in research in atomic and nuclear
physics, solid-state physics, plasma phys-
ics, low temperature physics, and the-
oretical physics.
This year, in keeping with the trend
toward introducing modern physics at
the undergraduate level, the Physics De-
paroiient will have a modern phy.sics
display centered around an operating
spark discharge chamber. This device
enables researchers to view the paths of
high energ>" cosmic particles. A cosmic
ray entering the region between the con-
denser plates leaves a trail of ionized
molecules as it passes through the cham-
ber's argon atmosphere. Application of
a high voltage to the condenser plates
results in a spark which follows the
trail of ions, thus rendering the path
of the particle visible. Also on display
will be geiger counters and radioactive
sources to demonstrate natural and in-
duced radioactivity.
Demonstrations in optics will include
the comparison of the ultraviolet aiiil
visible emission spectra of ionized gases.
Several smoke boxes will be useil to
demonstrate the principles of geometric
optics. A demonstration of the land two-
color photography process proves that
the eye needs only two colors, not three,
to produce a full color image.
"It tain't necessarily so!" A movie
entitled "Frames of Reference" shows
very clearly that things are not always
what they seem to be. Other movies of
interest discuss cr>'stal structure, satel-
lite orbits, and optics.
A cathode rav tube will be available
for the visitor to use to demonstrate
the sometimes weird effects of a mag-
netic field on an electron beam. One ex-
periment will compare the speed of
sound in air with its speed in various
solid materials.
Our low temperature display will fea-
ture such phenomena as a lead bell
which tinkles when cooled with liquid
gases.
A special feature of this year's Open
House will be a direct measurement of
the speed of light by electronic means.
The velocity will be displayed as the
distance between two pulses on an oscil-
loscope.
Two basic tools for atomic and nu-
clear research, the Cyclotron and Beta-
tron, will be open to the public during
Open House. Guided tours will be pro-
vided by members of tlie staffs of the
laboratories.
Dave Morrison and Jim Potter are shown operating some of the equipment they will use to measure the velocity
of light during Engineering Open House.
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THEORETICAL AND
APPLIED MECHANICS
In 1961, as in 1960, the Open House
(iisplays of the department of Theoreti-
cal ami Applied Mechanics will be plan-
ned and exhibited by the students in
Engincerinu; Mechanics in cooperation
with the members of the faculty.
Many previous displays will be re-
used and some new displays will be
added ; in all cases, however, primary
emphasis is to be placed on presenting
the nature and purpose of the Engineer-
ing IVIechanics ciu'riculum and illustrat-
ing the broad scope of the field of the-
oretical and applied mechanics.
Students enrolled in f^ngineering Me-
chanics takes sequences of counses which
provide a broad background in mathe-
matics, physics, and engineering sci-
ences. In addition each elects a sequence
of courses which affords a deeper and
more specialized background in one of
the other fields of engineering. In the
senior year design and synthesis courses
unify the studies of the sophomore and
junior years. All studies prepare the stu-
dent for post-graduate work or research
and development work in government
or industry.
The exhibits prepared for the 1961
Open House will illustrate the work
done in undergraduate laboratory
courses, classroom demonstrations, or in
research studies in which many of the
undergraduate students are employed as
assistants.
In the Eluid Mechanics laboratory
the displays will illustrate applications
of principles studied by the students as
well as phases of research projects. Hy-
draulic machinery, such as turbines,
pumps, and the hydraulic ram, will be
exhibited. Flow measuring devices, such
as weirs and orifices, phenomena of open
channel flow, like the hydraulic pump,
together with some typical hydraulic
models will be shown. The rope pump
and water bells, which illustrate sm'face
tension characteristics of fluids, will be
demonstrated as will the wind tunnel
used in research investigations.
In the main crane bay the three mil-
lion pound testing machine, normall\'
used e\clusi\ely for research by the de-
partments of Theoretical and Applied
Mechanics and Civil Engineering, will
be used to test concrete cylinders twenty
inches in diameter and forty inches
high. In an adjoining test frame special
tests of short reinforced concrete
columns will be made to illustrate prac-
tical examples of research activity in
concrete. These tests will aLso afford
This concrete cylinder has just been shattered by the 3 million pound testing
machine whose base is shown at the right.
the public an opportunity to see the be-
ha\ior of structural concrete members
when loaded to failure. The equipment
which is used in the fatigue investiga-
tions of plain concrete will also be on
display.
The fatigue of metals laboratory on
the third floor will again be open to the
Open House visitors. These facilities
are used exclusively for research, how-
ever many of the undergraduate stu-
dents are employed as assistants on the
projects and supplement their formal
education with practical research experi-
ence. The department hopes that the
public will gain some appreciation of
the efforts which are made to determine
and describe the fatigue characteristics
of metals subjected to repeated loads,
often accompanied by unusual levels of
temperature or pressure. The efforts to
improve old materials and to develop
new ones is of great importance in an
age of expanding technology.
The experimental stress analysis lab-
oratory will present displays showing
various experimental techniques used to
supplement analytical studies in the de-
terminations of stresses in loaded struc-
tural members. Photoelastic equipment
will demonstrate the use of models for
the optical determination of the effects
of loads on different structural mem-
bers. Models which employ bonded elec-
tric resistance strain gages to measure
the effects of applied loads will also be
shown. These facilities are of major use
in research but many are used in class-
room demonstiations to supplement for-
mal instruction.
The student laboratory on the second
floor will be used to demonstrate the
instruction given the student in the me-
chanical properties and behavior of ma-
terials. These include tests to determine
the resistance of materials to tensile or
compressive loads as well as to de-
termine material behavior in bending
and torsion. The behavior of materials
whose properties are time dependent will
also be demonstrated. There will also
be models which illustrate the problems
encountered in \ibration and dynamic
behavior of mechanical systems. These
models will reflect the increased import-
ance of ilynamics problems in engineer-
ing and the additional dynamics courses
now offered to undergraduate students.
In room 220 Talbot Laboratory the
Engineering Mechanics Society will pro-
vide students to answer questions con-
cerning the curriculum in Engineering
Mechanics. These students will provide
additional information relating to the
program, its purpose, scope, and require-
ments.
The students and staff of the depart-
ment extend a most cordial welcome to
the public to see and enjoy the depart-
mental exhibits of the 1961 Engineering
Open House.
50 THE TECHNOGRAPH
Strains in plastic members visible by using polarized light. This type of pattern
forms the cover of the Open House program.
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MILITARY ENGINEERING
NAVAL ROTC
The role of engineering in the Na\ y
started when coal rather the sail began
to propel the ships of the fleet. Since
that time, engineering has become a
larger and larger part of the nuclear-
powered, missle-equipped Xavy of the
future. Now that missiles with elec-
tronic computers and directors have re-
placed the men at the canon, and nu-
clear reactors have replaced the oil burn-
ing boilers, the need for men well
trained in the field of engineering has
become very prominent in the Xavy. A
minimum amount of engineering train-
ing and background is essential in many
fields of duty in the Xa\-y.
Advanced courses in mathematics,
physics, and engineering are available in
Xaval schools. Pursuit of higher educa-
tion is encouraged in all fields of learn-
ing with studies in engineering taking
top priority.
In the Xavy ROTC program, all
midshipmen take a course in Xaval
Weapons. The students study ballistics,
computers, directors, and guided missile
propulsion, guidance, and control. Mid-
shipmen who elect the line officer option
will take further courses in Xaval En-
gineering. They will study the func-
tions of the engineering department
aboard ship. The midshipmen study ship
stability, fundamentals of heat engines,
boilers, and steam turbines, along with
the necessary components. The midship-
men also study basic fundamentals of
nuclear propulsion, and take courses in
navigation and operations.
Along with educating its officers and
men in the engineering field, the Xavy
conducts extensive research in this field.
Scores of research centers are scattered
around the world from the Xorth to
the South Pole. One such research estab-
lishment is located in nearby Danville.
Here the L niversity of Illinois and the
Office of Xaval Research have combined
their eii'orts and built the world's larg-
est radio telescope. This site was se-
lected because of the freedom from man-
made radio interference. The huge para-
bolic mirror is located in a natural ra-
vine and is 600 feet long by 400 feet
wide. Its function is to concentrate sig-
nals from outer space on a receiving ele-
ment supported by towers 165 feet high.
With this telescope, the observers may
receive radio signals that have been
traveling through space at the speed of
light (186.300 miles per second) for
millions and billions of years. A scale
model of this massive construction, along
with various pictures will be on display
at the Xaval ROTC exhibit in 152-154
Mechanical Engineering Building.
Other projects in engineering re-
search sponsored by the Office of Xaval
Research v.ill also be represented.
Three separate yet interdependent
forces in the Xa\y will be represented
in the exhibit : the surface force, the
submarine ser\ice, and naval aviation.
Representing the forces afloat are the
missile equipped ships, the antisubmarine
warfare ships, and the aircraft carriers.
Models and pictures of ships equipped
with guided missile armament will illus-
trate how the fleet will defend itself
from enemy aggression from the air.
Actual equipment used in antisub-
marine warfare and models of ASW
weapons will demonstrate how the sur-
face ships will protect themselves from
enemy submarines. The exhibit will dis-
play torpedoes, depth charges. MAD
gear, sonabuoys, and other ASW wea-
pons.
The submarine representation will in-
clude a model of the Polaris submarine,
the missile firing, nuclear submarine now
on patrol in the fleet. The tremendous
striking range, fire power, and secrecy
of this submarine makes it a powerful
deterrent to war.
Xaval aviation and astro space will
be represented by models of the latest
aircraft carriers, and the newest Xavy
aircraft and missiles. A movie of the
Sidewinder air to air missile will be
shown as part of the exhibit. Operating
gyroscopic altitude control mechanisms
and manual aircraft control servomech-
anisms will demonstrate how they func-
tion and how pilots use these instru-
ments.
ARMY ENGINEERS
The Arm\ Corps of Engineers repre-
sents the largest engineering organiza-
tion in the world. The major role of
the Corps is as a technical service which
includes military construction, research
and development, engineer intelligence
as well as civil works. In time of need
the Corps of Engineers performs an-
other mission, that of a combat arm
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UDikinj; along witli the other combat
branches of the Armed Forces.
In the attack the objective of" the en-
frineer battalion organic to the infantry
{li\ision is to assist in the forward move-
ment of the division by utilization of
all available engineer troops, equipment,
and supplies. The deploxment and di-
rection of the engineer unit is accom-
plished according to the maneuver plan
outlined by the division commander.
"Ks-sayons" meaning "let us try" is
tlie motto of the Army Corps of F^ngi-
neers and it depicts the spirit and en-
thusiasm needed to perfonn the task at
hand. The engineers will assist by engi-
neer reconnaisance. collecting data for
new maps as well as improving old ones,
removal of obstacles and construction of
barriers to delay the enemy, and con-
struction and maintenance of supply
roites and lines of communication.
In removing as well as constructing
obstacles the Aniiy engineer handles and
directs the use of many types of demoli-
tions and mines. The Corps is responsi-
ble for clearing minefields as well ns
constructing new ones to confuse and
delay the advancement of the enemy.
The supply routes and communication
lines are of utmost importance and must
be maintained at all costs. Many times
to keep the supply routes continuous
over water barriers the engineers must
provide assault boats, footbridges, fer-
ries and fixed bridges which will allow
the passage of the infantry units and
their supplies.
In all military operations whether in
the attack or defense the Corps of En-
gineers provides the technical supervi-
sion, material, equipment and many
times the construction manpower to
facilitate the accomplismment of the
mission.
For displays of engineer operations
and equipment visit Room 153 of the
Mechanical Engineering Building dur-
ing the University of Illinois College
of Engineering Open House.
ARMY ORDNANCE CORPS
The Ordnance Corps of the L nited
1 States .'\rmy is the branch of the Army
that is responsible for the research, de-
! velopment, test, manufacture, procure-
I
ment, distribution, maintenance, modi-
: fication, and disposal of small arms,
automatic weapons, artillery, fire con-
!
trol systems, rockets and guided mis-
i siles, transport and combat vehicles,
mines, explosive, and ammunition. Ord-
nance is this country's biggest business,
and to conduct its responsibility ably the
Ordnance Corps receives 75 per cent
of the Army budget. Examples of the
importance of the Ordnance Corps to
the Army is seen in the costs of an in-
fantry and armored division. The cost
of one infantr\ division is 70 million
dollars, and of this amount ordnance
materiel accounts for 62 million dollars.
The cost of one annored division is 224
million dollars, and of this ordnance
materiel accounts for 216 million dol-
lars.
The Ordnance Branch of the Reserve
Officers' Training Corps at the Univer-
sity of Illinois has the duty of turning
out officers of the quality needed to ful-
fill the mission of the Ordnance Corps.
t)ne of the main sections of instruction
of major interest to the Ordnance
Corps is concerned with the construc-
tion of ammunition and explosives.
Ammunition and explosives are the
most necessary products of Ordnance.
Ammunition development today is one
of the most highly scientific and unique
processes. In most materiel the Ord-
nance Corps uses the benefits of civilian
industry, but no private industry is en-
gaged in the production of large am-
munition ; and thus the entire burden
of ammunition and explosive research
and development and production falls
on the Ordnance Corps. Ammunition is
also a very costly product. The expense
of ammunition is 1.25 dollars per pound.
An infantry division in combat uses 600
tons of ammunition per day. This repre-
sents a cost of 1,500.000 dollars a day
for just one infantry division. It is fit-
ting therefore, that the Ordnance dis-
play this year will be on the theme of
ammunition and explosi\es.
The displa\s are the complements of
Joliet Arsenal. Joliet Arsenal, this na-
tion's largest factory located just north
of Champaign, is the largest single pro-
ducer of ammunition. The display,
which is located in room 14,3B Mechan-
ical Engineering Building, includes the
following items: a T.\T production
layout ; charts and cut-away model of
mortar rounds, high explosive-antitank
rounds, and a simple fuze ; a shaped
charge used in the destruction of con-
crete and armored structures; a plastic
antitank round ; a high explosive plastic
round : a tungsten sabot round ; step by
step processing charts showing the ex-
trusion of shell cases ; and a powder
metallurgy display showing the use of
sintered metal products. The Ordnance
Department thinks that you will like
this displa\ and invites you to see it.
ARMY SIGNAL CORPS
The Signal Corps, a combat arm of
the Army, has the primary mission of
communications with the Modern .Army.
In the present day of the necessity of
mobility, firepower, and communica-
tions, the Signal Corps must be able to
provide highly mobile, highly reliable
communications under all conditions of
terrain, tactics and weather. To accom-
plish this, the Signal Corps has highly
versatile equipment.
This is demonstrated in the display
at the 1961 Engineering Open House.
Two battery powereil. man-transport-
able radio sets ha\e been set up to show
that teletype and voice are simultane-
ously transmitable over one radio fre-
quenc\'. The teletxpe machines are con-
nected to the radio sets through a con-
verter which modulates the teletype sig-
nals to efifcct the transmitability of the
signals. A voice frequency is at the same
time superimposed on the same radio frc-
quenc>' to allow the transmission of the
voice and teletype signals concurrently.
((j(iiiliniii/l on Page 66)
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Metallurgical Engineering
Metallurgy is an eiigineeriiig science
that deals with the production and util-
ization of metals and their alloys.
Metallurgy as a course of study is based,
in part, on physics and chemistry for it
is through such basic sciences as these
that we learn and luiderstand the prop-
erties of metals and their alloys.
The field of metallurgy is very active
because of the many challenging prob-
lems encountered. Today as never be-
fore man is faced with materials prob-
lems, which if not solved, will slow the
progress of humanity.
In the missile field metallurgists are
constantly working and searching for
new alloys that can withstand the ex-
tremes of heat, cold, and pressure to
which they are subjected. In the pro-
duction of electric power, design engi-
neers and planners are constantly de-
manding the use of larger and more
powerful installations operating under
more extreme conditions than ever be-
fore.
To the metallurgist this means de-
velopment of new alloys, new heat treat-
ing procedures, new and better methods
of joining and forming and many others.
The list of examples could go on and
on, for in this metal age in which we
live it is impossible to name one product
that does not in some important way
involve metal, while at the same time
people are constantly striving to im-
prove and make these products better,
thus always generating new problems
for the metallurgist to solve.
Metallurgy has no more than
scratched the surface of its possibilities.
( )ver 70 of the 92 natural elements are
metals; and yet less than one-half of
the 70 metals are in commercial use
today.
New uses for the metals already com-
mercially accepted and the practical ap-
plication of the remainder to useful
purposes offer almost unlimited oppor-
tunities for the present and future gen-
eration of metallurgical engineers.
Progress in the development of these
new metals and alloys will depend upon
learning a great deal more than is now
known about the structure of metals.
With the use of x-rays, microscopes, and
mechanical and electrical measuring de-
vices metallurgists have learned a great
deal about the basic structure of metals,
but the complete answer to such ques-
tions as why a metal can be strong or
tough or how the atoms move when .'t
metal is bent or stretched are not vet
This is a teaching model used to
illustrate crystalline structure.
known. Much research must be done
in the field of metallurgy before devel-
opment metallurgists can better under-
stand and predict the properties of the
new metals and alloys. For this reason
metallurgy holds outstanding opportuni-
ties, not only for those interested in de-
\elopment and production, but for those
people interested in basic research.
Metallurgists are employed every-
where. Scores of metal producers, thous-
ands of manufacturers, many colleges,
most public service compaiues, scienti-
fic research laboratories, plus many gn\-
ernment and private agencies employ
metallurgists. The salary of the metal-
lurgical engineer will be higher on the
average than the salary of any other
professional engineer. At the University
of Illinois the average salary of the grad-
uate metalliugist is consistently higher
than the a\erage salary of all engineers
to graduate. This fact speaks well for
the Department of Metalhngy at Illi-
nois and for the demand and importance
of the metallurgist in general.
On March 10-11 the College of En-
gineering will again open its doors to
the public for inspection of its facilities
and for the opportunity to learn first
hand about engineering at Illinois. The
Department of Metalhngy will be ac-
tively participating in Engineering
(^pen House and invites all intcresteil
persons to visit our displays and exhibits
and to ask questions about your future
in metallurgy; a growing, active, and
prosperious profession in engineering
and science.
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WHO, me lost?
Dave Yates, BSEE '61
I'cthnoi/raph's photot/rnpher ijocs
flying and tells all
Soon after the student pilot gets his
safe solo wings, he gets bored with stay-
ing in the airport traffic pattern making
take-ofis and landings. He gets that urge
to leave the airport vicinity and fly to
another town or at least a few miles
away from the airport. Now, it is simple
to find your way if \'ou can see the air-
port, but get out of sight of it, make
a few turns, and you can become lost
amazingly easy. But do not give up all
hope: look down and observe. Relow,
you see a railroad track and a highway
going through a small, rectangularly
shaped town, with large grain elevators
along one side. A quick check of the
local sectional chart, in the vicinity of
the airport, and you locate yourself in
relation to the airport and soon it looms
in sight again.
Every student pilot must learn to find
his way by pilotage ; which is locating
your position by comparing landmarks
on the ground to an aeronautical chart.
It is really very simple, just like read-
ing a highway map, except that there are
no signposts pointing the way, and you
must recognize objects from above. On
a clear day, when you can see for fifteen
or twentv miles, no difficultv exists, but
when the visibility is down to two or
three miles you ha\e to be \ery observ-
ant and quick to recognize objects.
As a student, my first instruction in
pilotage was a long cross country flight
with my instructor and t\vo other stu-
dents. The total trip would require
about nine hours of flight time, which
would allow each individual about three
hours. We had a choice of two routes,
south, from Champaign to Mount Ver-
non, Evansville, Bowling (ireen, Louis-
\ille, Lexington, Cincinnati, Dayton,
Indianapolis, and back to Champaign,
or north, from Champaign to Spring-
field, Quincy, Ottumwa, Des Moines,
Cedar Rapids, Moline, Dubuque, Rock-
ford, and again back to Champaign.
The distance for each route is about
eight hundred and twent\-fivc air-miles
(as the crow flies). We are told to plan
both routes, and then on the monu'ng
of the flight we'll check weather condi-
tions and pick the best one. Everyone is
supposed to meet at the airport by six-
thirty in the morning, but as usual, I'm
late, and arri\e about seven. I go im-
mediately to the control tower to check
the weather teletype. Most of the south-
ern route is covered by light rain and
overcast skies, generally lous\' flying
weather. However, the nortiiern route
is fairly clear, with only a few snow
flurries reported moving southward over
Iowa. Next, I check the wind speeds
and direction in the area we'll be flying
o\er. Now, armed with the knowledge
of the weather conditions enroute, I
hurry over to the university operations
office, where I find my instructor and
one of the students checking over their
charts as they wait for the late comers.
We briefly discuss our individual inter-
pretations of the weather and the fourth
member of our crew arrives a few min-
utes later. A coin-flipping sessions en-
sues to see who flies which leg of the
trip. I get the first one, and begin mak-
ing my final plans. Our plane is a trim,
blue and white Piper Tri- Pacer, a four
place job which will cruise at about
one hundred fifteen miles an hour. We
go out and check it over and then down
a l.ist minute cup of coffee. At last wc
are ready to leave. The instructor and
I strap our.selves in front, and the other
two students are in back. I prime the
engine three shots, holler "clear!", and
press the start button. The engine turns
over slowly a couple of times, coughs,
and then roars into life. A quick check
of the oil pressure gauge and the am-
meter indicate all is well, and I call
(Continued on Payc 56)
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The interior of our Piper Tri-Pacer
Champaign ground control on the radio,
and ask for taxi instructions. The radio
squawks back loud and clear telling me
what runway to use, the surface wind
speed and direction, barometric pressure,
and the time, and I taxi out to the run
\xay. I make my engine run up, check
the magnetoes, carburetor heat, instru-
ments, and tune the radio to Champaign
tower and tell them I'm ready for take
off. The black box squawks back
"cleared for take off," and I push the
throttle forward and head down the
runway. We gather speed slowly at first,
but in a few seconds, are whizzing along
the runway at sixty miles an hour, and
I begin to pull back on the wheel.
Gracefully we rise into the air and we
climb up into the blue, cloud dotted
sky. I climb to four thousand five hun-
dred feet, level off. and head out on my
course, which I hope will lead us to
Springfield. As soon as the airplane is
lexeled off and headed in the right di-
rection, I begin checking time and dis-
tances on my chart. I suddenly realize
that I forgot to check the time when
we got oft' the ground, and I sheepish-
ly inqiu're if my instructor remembers
when we took oft. Now, to the casual
observer, ten or fifteen minutes might
not seem like much time, but at one
one hundred fifteen miles an hour it
can mean a distance of twenty or thirty
miles, and that might mean the differ-
ence of landing at an airport or in a
corn field should bad weather force you
to change your original course. I get
the time, and begin cross checking my
chart with the ground to determine how
fast we are traveling over the ground
and to keep on course. I am thought-
fully looking at the chart when my in-
structor asks if I intend to fly with one
wing low all the time and I can get to
Springfield by heading towards Peoria.
A quick look at the wings, the direc-
tional gyro and the compass informs me
that I'm not exactly pointed where I
should be, and I make corrections to put
us back on course. After many similar
occurrences my thick skull finally trans-
mits the information that I have to be
constantly shifting my gaze from the
ground to the flight instruments, to the
chart, and not to concentrate mv atten-
tion on one particular thing for any
length of time. Every so often I have to
respond immediately to question "Where
are we?' I point to the chart and indi-
cate our position. "Very good, you're
only about ten miles on the other side
of that town," admonishes my instruc-
tor. It isn't long before I realize that
this isn't going to be just a pleasure trip,
but that I'm doing a lot of work. I am
busily keeping track of railroads, major
highways, small towns, rivers, and other
prominent terrain features as I attempt
to keep the plane headed for Spring-
field. After flying about an hour, I'm a
little puzzled as to why I have to apply
so much pressure to keep the wings
level, when it finally occurs to me that
if I would turn the fuel tank selector
from the right tank to the left one, that
I might equalize the weight by burning
some gas out of the left tank. As if it
isn't enough to keep track of where I'm
going, our ground speed, and flight in-
struments, I have to remember that the
most important thing is to watch for
other airplanes. However, during the
(Continued on Page 66)
56 THE TECHNOGRAPH
WANT INTERESTING WORK?
WANT TO LEARN AS YOU EARN?
Here's a chance to put theory to practice ... to appraise what you have
learned in relation to what industry requires on the job. You'll get a
better idea of where you can go in your chosen field... and perhaps
the route to take after graduation.
If you're a junior, senior, or graduate student of chemical or
mechanical engineering, or chemistry, you may be given a regular plant
or laboratory assignment, important and challenging work, keyed to
your education to date. You'll get the same personal, interested training
as our permanent employees.
A summer job with Du Pont can be an important step toward a
good job with us after college. You learn about us and what kind of
company we are. We learn about you.
Jobs for students are limited, of course, so write soon to Du Pont,
Room 2430-2 Nemours Building, Wilmington 98, Delaware.
(There are some jobs, too, for freshmen and sophomores, as lab
assistants and vacation relief operators. They should apply direct to the
Du Pont laboratory or plant of their choice.)
MW^ BETTER THINGS FOR BETTER LIVING ... THROUGH CHCMfSTRr
WORK WTITH DTJPONT THIS SUMMER
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Technociitie . . .
MARY JEAN HEWITT
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Our pretty pin-up this month is Miss Mary Jean Hewitt, a freshman In
L.A.S. Although she is from Hillsboro, Illinois, she claims she has no southern
accent. This blue-eyed, blonde Technocutie stands 5'-5" toll and measures
3523-35. Here at school she is a pledge at Delta Gamma and is a pom-pom
girl for the University. She likes to swim and also owns her own horse. She has
no particular plans for the future—you engineers may be able to change that.
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Koppers
moves into
new
research center
Right now, Koppers research scientists are moving into this new $8 million
research center located in Monroeville, Pa., a suburban area of Pittsburgh.
This move is typical of Koppers growing emphasis on an aggres-
sive research and development program, in exploratory and
applied research, to discover new products and to improve and
find new uses for existing ones. Koppers research is identified
with a variety of products, including plastics, coal-tar derivatives,
wood preservatives, fine chemicals and dyestuffs.
The Exploratory Section of our Research Department enjoys
complete academic freedom for the analysis and investigation
of new ideas and concepts in fields such as polymer chemistry,
general organic chemistry, catalysis, and organometallics.
Koppers Research Department provides opportunities for re-
search assignments in organic, physical, analytical, and polymer
chemistry. Scientists will be associated with either the Explora-
tory or Applied Researches Sections, or the Analytical or
Physical Chemistry Laboratories, as warranted by the interests
and achievements of the individual.
Learn about the opportunities for you at Koppers and at our new Research
Center, where research-minded graduates are offered an ideal atmosphere for
progressive development. Write the Personnel Manager, Research Department,
Koppers Company, Inc., Monroeville, Pennsylvania.
KOPPERS The industry that serves all industry
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If you are about to decide on your
future employment and are grad-
uating with outstanding scholastic
achievement in engineering or the
physical sciences . . . the Sandia
Corporation would like to arrange
an interview with you.
At Sandia, you would work in re-
search, design and development, or
engineering. Our scientists and en-
gineers are engaged in projects in
the fields of solid state physics,
plasma physics, materials research,
explosives technology, pulse pheno-
mena and radiation damage.
You would work in a modern well-
equipped $60 million laboratory and
be associated with some of this na-
tion's outstanding technical per-
sonnel. You would receive liberal
benefits which, in addition to in-
surance, retirement and vacation,
include an opportimity for continu-
ing your graduate studies.
You would be employed in sunny,
dry Albuquerque, a Southwestern
cultural center of over 200,000, or
in our laboratory at Livermore, Cal-
ifornia, with all the advantages of
the San Francisco Bay area.
OPENINGS AT SANDIA
At all Degree Levels
Electrical and Mechanical Engineers
At MS and PhD Levels
Chemical Engineers
Ceramicists
Ceramic Engineers
Physicists
Metallurgists
Metallurgical Engineers i
Industrial Engineers 3
Mathematicians '•
Statisticians j
Physical Chemists 3
Engineering Physicists :
Aeronautical Engineers ;
Sandia Corporation is a member of
the Bell System whose team of re-
cruiters will be on your campus
soon. For dates and appointment
for interview, see your College
Placement Officer now.
CORPORATION
ALBUQUERQUE. NEW MEXICO
LIVERMORE. CALIFORNIA^
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THE NEW COLOSSUS
By Leon Stremlou '61
In our modern world we have wit-
nessed and will witness many marvels of
engineering. An excellent example of
what we have witnessed is the recent
bridging of the Straits of Mackinac ; but
in the near future we may see the com-
pletion of an idea that will make the
Colossus of Mackinac look like Tom
Thumb in comparison. This "New Co-
lossus" although many times longer than
the Mackinac Bridge will not be as
readily visible. Instead of standing ma-
jestically for all to see, it will lie hidden
in 52 miles of chalk beneath the Straits
of Dover.
The idea of tunneling the English
Channel is not a new one : it was first
presented by Roger Mathieu, a French
engineer, to Napoleon in 1802. Since
that time it has been kicked around by
the British and French governments
more times than a soccer-ball.
Betxveen 1833 and 183^. Thome de
Gamond and Stir Hawkshaw. working
independently but comparing their re-
sults, presented the first practical plans
for a tunnel, and in 1867 and 1869
they published plans for a tunnel.
In spite of the differences of opinion,
their results prompted action and in
1872 the Channel Tunnel Company
Limited and in 1875 the Soeiete Conces-
sionaire Du Chemin De Per Sous-.Marin
were formed. These companies started
tunneling in 1881 and both tunnels ex-
tended a mile under the Channel before
the British government for military de-
fense reasons ordered the British com-
pany to stop tunneling in 1883. The
idea popped-up many times in the fol-
lowing years, but only two have been
of major importance.
Shortly after World War I. the idea
became widely discussed and support
began to grow, but a vote of 179 to
172 in the British House of Commons
killed the idea again.
Today, the idea is again gaining
strength and support, and in 1955 when
British Prime Minister Harold Macmil-
lan was the British Minister of Defense,
he acknowledged that modern weapons
and aircraft invalidated the strategic ob-
jections of the past.
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On July 26.^ 1957. The Chaimel
Tunnel Study Croup was fonncd. .nnd
its aim, according to its report of March
28, 1960, h.is been,
"to carry out joint studies of the
conditions in which it would be pos-
sible to build and operate a sub-
marine tunnel for rail and or road
traffic, connecting British territory
with that of Continental Europe."
1 his Group was fnniied by four com-
panies: the two original tunnel com-
panies of the lS70's, the (Jomfni^nie
Financiere De Suez, and Tnhniml
Studies Ine.. of New York.
On March 31, 1960, the Group pre-
sented the results of its studies to the
Brirish and French governments.
As you can imagine, a project of this
size required a great deal of study, and
the Channel Tunnel Study Group met
the challenge and took on-the-spot
studies for two and one-half years, and.
thus, produced the most thorough study
of the English Channel e\ er mailc.
In making its studies, the Group first
attempted to get a general picture of
the structure of the Channel bod
(Upper Chalk, Middle Chalk, Lower
Chalk, Glauconitic Marl, and Gault)
and in particular the dip of the chalk
formations, and then to map as ac-
curately as possible the outcrops of the
Lower Chalk. Finally, it was necessar\-
to check the interpretation of the inter-
faces between the Lower Chalk, Glau-
conitic Marl, and Gault.
In order to accomplish all of these
objectives, a series of tests was con-
ducted.
During the first test a series of eight,
4'^ in. dia., boreholes was sunk into
the Channel bed at various points across
the Straits, and cores from the Lower
Chalk, Glauconitic Marl, and Gault
were taken and sealed to preserve their
moisture until studies could be made on
them at a later time.
Once these boreholes were made, two
"In-Situ" tests were run. The first was
as electrical logging of the boreholes by
means of a Schlumberger Portable Elec-
trical porosity of the Chalk and Gault.
After the logging tests were finished.
"Pumping-ln" |Kniirahilit\ tot> were
also conducred. This t\|>c of test conM«it-
e«l of placing two pneumatic packers at
preiletermined levels in the burrhoirs
.ind inflating the packers to seal a sec-
tion of the borehole. Then water was
pumped into the borehole brtwern the
packers, and the quantity of water ac-
cepted by the chalk in the section under
test was measureil. The results ga\e an
indication of the permeability of the
chalk at different levels in the bore-
holes.
The second of the main tests was the
stud\ing of y-^5 samples of the sea bed.
The samples were obtained b> use of a
700 lb. gravity sampler which was al-
lowed to fall freely to the sea bed.
These samples, 12 to 20 in. long, along
with the borehole cores were sent to
Imperial College in London for examin-
ation and tests.
The third of the main te>ts was aimed
at obtaining the law of the strata in the
Channel bed. This was accomplished by
use of a Continuous Cratification Re-
corder or Sparker as it is sometimes
called. The sparker procedure is basical-
ly a type of seimic reflection survey in
which electric discharges of 12.tHH) volts
are fired at a rate of 4 sec. from a
sparker unit which is towed, along with
a hydrophone, behind a launch. The dis-
charge is under water and causes the
breakdown of the water into H, and
O. bubbles. The collapsing of these bub-
bles causes a continuous series of energ>'
impulses which penetrate the sea bed to
a certain level, reflect off the strata, and
are picked up by the h>drophone which
is towed about 20 ft. opposite the spark-
er. From the time ilifference in signal
reception and knowing the types ma-
terial being sounded, the depth of vari-
ous strata can he mapped.
With the results of all these in\estiga-
tion and tests the Stuih Group has been
able to draw •ionir important cotidii-
sions:
1. They connruic.i rlie loniluMons <ii
the 1S7^ and IS76 Ntudies regarding the
continuity of the I,<>wer Chalk.
2. They showed the Lower Chalk to
(Continued on Page 65)
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Facts about chemical job
assignments that can
influence your future career
Do you know the number of different kinds of jobs in the
chemical business? It's one of the biggest factors favoring
a career in chemistry! Chemists and chemical engineers
may find their spots in research, development, analysis, test-
ing, production, technical service, management, or sales.
Nowhere is this more true than at Allied Chemical, maker of
more than 3,000 diversified products—chemicals, plastics,
fibers and building materials— in over 100 plants through-
out the country. And Allied makes every effort to see that
new employees find the kind of work that matches their
talents . . . that suits them best and interests them most.
Ask our interviewer about career opportunities at Allied
when he next visits your campus. Your placement office can
give you the date and supply you with a copy of "Your
Future in Allied Chemical." Allied Chemical Corporation,
Dept. 261-R3, 61 Broadway, New York 6, N. Y.
DIVISIONS:
BARRETT • GENERAL CHEMICAL
INTERNATIONAL • NATIONAL ANILINE
NITROGEN • PLASTICS AND
COAL CHEMICALS • SEMETSOLVAY
SOLVAY PROCESS
BASIC TO AMERICA'S PROGRESS
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vary in thickness from 262 ft. on the
English side to 213 ft. on the French
side of the Channel.
3. They identified three pockets of
gravel and some unfilled guUeys as well
as slight faults oriented parallel to the
line of a possible tunnel ; but they found
no faults crossing this alignment at
right angles.
4. They feel from the survey that
water seepage should be within the nor-
mal limits of engineering work, and in-
jection treatment with cement should be
sufficient to deal with it.
^. They also feel the physical and me-
chanical characteristics of the Lower
Chalk are particularly favorable for use
of moles boring to the full diameter.
6. They have thus definitely estab-
lished that there will be no major dif-
ficulty in driving a tunnel through the
Lower Chalk provided that it is bored
in the lower part of this stratim at a
suitable distance above the Gault.
7. As a result of these investigatiotis.
the Group thinks it is fair to conclude
that the "geological risk" of working in
the Lower Chalk is slight, but more de-
tailed prospecting would have to be
carried out in the line of the route
chosen in the course of the preparatory
work on the project.
When the Study Group presented its
findings to the British and French Gov-
ernments on March 31. 1960, they also
presented plans for six possible tunnels
and a possible bridge.
According to the Group, the most
feasible plan is to tunnel the Channel
with a bored, railway tunnel in the
lower Chalk.
This plan provides for two main
tubes 97 ft. apart each having an in-
side diameter of 21 ft.-4 in. These tubes
would have four cross-overs, one at each
coast and one seven miles oft each coast,
so that sections could be closed for re-
pair and maintenance without stopping
service.
The tunnels would be bored v.ith
inoles having 23 ft.-lO in. dia. heads,
which mount tungsten - carbide teeth.
Based on bore samples of the sub-Chan-
nel chalk, it is estimated that the moles
can advance at a rate of 1475 ft.
month ; therefore, with four machines
advancing simultaneously from each por-
tal, it would take less than five years to
bore both tubes.
Two advantages which make this pos-
sible are the chalk is strong enough to
support it-self and is all but impermeable
to water. As a result, there will be no
need for the compressed air, tunneling
shields, and laborious drilling and blast-
ing procedures of traditional underwater
tunneling.
In this tunneling procedure a 10 ft.-
10 in. service passage will be bored a
certain distance ahead of the main
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HORED TINNEL
24 ft. Rail
36 ft. Road
39 ft. 4 in. Road
IMMERSED TIHE
45 ft. 10. in. Rail
36 ft. Road
.?9 ft. 4 in. Road
66 ft. 10 in. combined
BRIDGE
COST CO.MI'ARISON
$305,000,000
360,000.000
425,000,000
310,000,000
295,m0.000
320,000,000
560,000,000
500,000,000
1 ,800 vch /hr
750veh/hr
1,500 veh hr
1,800 vehhr
750 veh /hr
1,500 veh hr
tubes. This passage will be slightl\
lower and between the main tubes. The
designers plan to use the service tunnel
as an aid to construction, maintenance,
and drainage. They plan to remove the
rock taken from the main tubes by pul-
verizing it and Hushing it out through
pipelines in the service tunnel.
Once the main tubes have been bored
they will be lined with 1 5 in, of con-
crete to provide a smooth surface and
seal the tunnel further against seepage.
Then a single rail line will be laid and
a 25.000 volt catenery will be hinig
from the roof to provide for the electric
trains to be used in the tunnel.
It was decided to use electric trains
rather than motor vehicles because the
trains will not cause the exhaust prob-
lems that belching, internal combustion
engines would. This means that with
only the passengers consuming oxygen
the safety limit of t\vo parts carbon
monoxide per 10,000 parts of air could
be met without the use of fans housed
in artificial islands located at points in
the Channel. The designers expect that
the fans at each end and at the coast
line along with the high speed trains,
acting like pistons in a cylinder, will
circulate enough fresh air.
The shape of the system will be in
the fonn of a "W" with the tubes
sloping downward from mid-channel to
the bottoms of vertical access shafts on
each coast. These shafts will house serv-
ice elevators, ventilating ducts, and pipes
for pumping seeping water.
The electric trains will be designed
to carry 300 cars or trucks (13' - 9"
mox. ht.) per train, or 1,800 vehicles
and their 4,200 passengers per hour each
way at speeds about 60 mph through
the 32 miles of tunnel, 23 of which will
be beneath the Straits of Dover.
By use of the tunnel, long distance
passenger and freight trains would be
able to run on a direct schedule from
London to Paris in 4 hr. 20 min.
The costs for the use of the tunnel
will be very reasonable. The expected
toll for a car and driver will be >16.24,
a reduction of 30'; over the ferry cost;
the additional pa.ssenger rate would be
S4.48. a reduction of S'^i over terry
rate. These monetarv -.i\iii^s iuc in
addition to the 3 hr. and 30 min. saved
in transit time. It is interesting to note
that even with these low charges the
tunnel could pay for itself in 35 years.
In addition to the boreil rail tiuinel,
the Group also presented plans for two
bored road tunnels of 36 feet and 39 ft.
4 in. diameters, and four immersed
tubes (45 ft. dia. rail, 36 ft. dia. road,
39 ft. 4 in. dia. road, and 66 ft. 10 in.
combined road and rail tunnel.) They
also presented plans for a cross-Chan-
nel bridge.
The bridge is to ha\e 143 piers which
will be 740 ft. apart with the exception
of two pair of wider navigation open-
ings in the sea lanes off the Varne
Bank. The standard clearance above
high water will be 175 ft. again with
the exception of the shipping lanes
where the clearance will be 230 ft.
The bridge superstructure will be
built of alternate cantilever and sus-
pended span construction. 1 he super-
structure will be built on shore out of
steel plates which will be formed into
tubes and welded to outside diameters
of 1 1 ft. 9 in. for chord members and
6 ft. 6 in. for web members.
The pre-fabbed superstructure, weigh-
ing approximately 800,000 tons, will
be Boated out to the piers in sections
on pontoons and set on the piers by
the falling tide.
By this time you are probably wonder-
ing v.hy the bored, rail tunnel is the
best. Well, there are two main reasons.
The first is construction methods. The
Group feels that it would be too ditfi-
cvdt to dredge the trench to lay the
immersed tube in. The second is money.
Onlv one of the plans is cheaper, but
only by 10.000.(100 and it will handle
1 .? of the traffic. If the cheaper road
tunnel was put into operation in 1%^
its capacity would have to be doubled
shortly after 1980, but the rail tunnel
wouhi be able to absorb 70' ; more than
the estimated 1980 peak traffic. (This
calculation is based on 110 trains day
in each direction but the theoretical ca-
pacity is 216 trains.
Considering the earning power of the
tunnels, the rail tunriel again far out-
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weifjlis the rnad tiiiinel : the estimated
1080 receipts are 59,(11)1). 01 10 for the
rail tunnel but only 42,000,000 tor the
road tunnel.
The bridge and the combined tube are
not being given much thought because
of the problem of financing them.
In conclusion we must remember that
no matter how much study is put into
a project or how well it is designed,
the go-ahead must wait for approval.
So now the "Xew Colossus" must wait
for two approvals, either of which might
not come.
WHO, ME LOST?
(Cdntitiiuil from F/u/c 56)
whole trip we did not see any except in
the vicinity of airports.
As we buzz merrily along, I suspect
that my two fellow students are sleep-
ing soundly in back shirking their duties.
Ever>one is supposed to keep track of
where we are, since it is good experi-
ence. We are nearing Springfield now,
and I peer out into the distance, look-
ing for a sign of the city. Soon it ap-
pears off in the distance. About eight
miles out from the airport, I call Capital
control tower on the radio, give them
my location, ask for landing instructions,
and permission to make a touch and go
landing. Since we did not need fuel
and could check the latest weather by
radio, we requested a touch and go
landing which would still give us the
experience of landing at an unfamiliar
airport but not waste any time. The
tower replies immediately, giving sur-
face wind speed and direction, the riui-
way to use, and informs us of any other
air traffic in the area. Soon we are o\cr
the airport and I begin my final ap-
proach, and turn to line up on the run-
way. IVIy landing is a little rough, but
not bad, and I then apply fidl power,
take oft and climb back up to four
thousand five hundred feet. Again as
soon as the airplane is leveled off I
turn on my course to Quincy. I go
through the same procedures on the
route to Quincy as from Champaign, al-
though I have improved somewhat. My
first leg is over when we reach Quincy,
and although I have enjoyed the trip,
I'm only too happy to see the town loom
up on the horizon. Soon we are at the
airport and I make a little better land-
ing this time. We make a full stop,
refuel, check the weather for the rest
of the trip, and sip more coffee. I have
flown for about an hour and a half now,
and I take a break for the next couple
of hours to review and observe. Student
number two takes over the controls and
heads for Ottumwa. The plane starts
boiuicing around quite a bit now due to
some rough air, and we have to slow
down to avoid over stressing it.
I'm riding in back now and although
I had hoped for a chance to catch a little
shut-eye, I soon discover a rather un-
friendly look from my instructor, and I
decide that perhaps I had better keep
track of where we are. To make it in-
teresting, I assume that the pilot does
not know where we are or where we
are going and that I have to keep track
of things. However, it turns out that
he did know where he was going and
soon we arrive at Qttumwa, make a
touch and go landing, and head out for
Dcs Moines. I will fly my last leg from
Dcs Moines to Cedar Rapids, and since
we don't want to stay down long at
Des Moines, I begin planning my course
in the air. However, upon landing at
Des Moines, our stomachs are growling
rather loudly and by majority vote we
ilecide to head for the snack bar. Actual-
1\', our instructor informed us that we
were himgry and were going to eat here,
and so we three students decided to stay
too. The break does us all eooil though,
as the combination of rough air and in-
tense concentratmn have made us .ill a
little weary.
A half-hour later we are back in the
air and headed for Cedar Rapids. I am
holding a more accurate course now,
keeping the airplane level, and since we
have a tail wind, making a ground speed
of better than one himdred twentv-five
miles per hour. If I went straight to
Cedar Rapids, I would not get my
full three hours, therefore we take a
side excursion over Iowa City, and then
back to Cedar Rapids. After a third
brief stop for refueling and coffee break,
student number three fires up and we're
off for Moline. Forty-five minutes later
we circle over the Quad City airport
and turn north for Dubuque. L pon
landing at Dubuque, we refuel, have
another cup of coffee and take off for
Rockford.
It is getting dark rather rapidh now
and soon we will be navigating at night.
City lights are coming on in the distance,
and one can see roving automobile lights
on the highways below. A blue haze
seems to engulf us, rising from the
ground up, as we proceed east. Occa-
sionally, the rotating green and white
light of the airport beacon glides past
;
we push on towards Rockford. Dimly,
at first, the skyline begins to glow as the
city's lights loom up on the horizon. W^e
spot the rotating beacon that signifies
the location of Greater Rockford Air-
port, and peer out to locate the twin
rows of white lights that illuminate the
runway. As they appear before us we
turn onto a direct line between the
lights and begin our final descent. We
settle smoothly, and taxi over to the
fuel trucks at the Butler Aviation han-
ger. We request refueling and again
check the weather at Champaign. Soon
we are in the air again, headed lor
home, rehing on the lights and shapes
of towns and highways to guide us back
to the twin cities. The route back to
Champaign is an easy one, with several
highways and many towns blinking up
at us from the ground below. Finallv
the green and white rotating beacon of
Chanute Air Force Base slips by, and
the twin city area is before us. The pilot
contacts Champaign Tower, gives our
present location, and requests landing in-
structions. Again we spy the twin rows
of runway marking lights, the plane
drops out of the night sky, and settles
on the runway. We taxi over to the han-
gar, shut the engine down and wearily
climb out of the plane. Our instructor
points out a lot of mistakes, but compli-
ments us on not getting too far lost. I
trudge on home, tired, but much wiser
in the wavs of navigation.
MILITARY ENGINEERING
Army Signal Corps
(Crjiitintiid frrjin Page 53)
This is but a small show of the capabili-
ties of the many radio .sets which are
used in the military today.
The Signal Corps can provide many
communication channels through the
use of a single radio .set. A radio set as
used in highly mobile operations may be
employed to give as many as 192 tele-
type channels at 12 voice channels. Two
facsimile channels or one television chan
nel are also available over such a radio
set. The range of these .sets with relay
stations is unlimited.
The Engineering Open House dis-
play also will have on show an ampli-
tude modulation radio set. This is to
show (he similarity and versatility of
such radio sets. The AM set on dis-
play is also easily transportable in light
vehicles. The set on display is also •
adaptable to voice and teletype trans-
mission. There are many more power-
fid radio sets which have around the
world capabilities.
Besides radios, the Signal Corps has
many other fields of service. Photogra-
phy, radar, and wire communications
are examples of these.
The Signal Corps is an old branch
of the military having been established
in I860 and has much military tradi-
tion. With its new techniques and high-
ly mobile, highly reliable communica-
tions, the Signal Corps has established
itself as an essential element in the
modern Army concept, becoming a most
important combat arm.
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YOU CAN AIM YOUR CAREER IN EITHER DIRECTION
AT STROMBERGCARLSON
Division of General Dynamics
, . .where a group of outstanding scientists
and engineers are conducting both theoretical
and applied studies in many aspects of the
science of communications
While our broad concern at Stromberg-Carlson is in the acqui-
sition, transmission, processing, storage and display of com-
munications data, ancilliary investigations — often seemingly
remote — are carried on to enhance our basic understanding
of the communications field.
TO THE ADV^ANCED DEGREE CANDIDATE this fre-
quently offers the opportunity, upon completion of his studies,
to continue theoretical investigations initiated in thesis
preparation.
TO THE MAN WHO HAS RECENTLY RECEIVED HIS
BS, it provides varied career choices: to work directly with
experts on research projects: to participate in advanced devel-
opment engineering concerned with the solution of complex
systems engineering and equipment problems; to undertake
the design of specific hardware which may involve the first
practical utilization of new knowledge.
AT ALL LEVELS, Hhe opportunities for professional growth
are exceptional, not only through concentration on work in
advanced areas but through continual contact with able men
trained in other disciplines. Informal consultation between
engineers, physicists, mathematicians, psychologists and lin-
guists is available on a day to day basis. Further, with scien-
tists it is the aim of Stromberg-Carlson's technically-trained
management to maintain the atmosphere of the academic
world, encouraging discussion, publication of papers and par-
ticipation in technical symposia.
The list below indicates
the range of work currently
in progress.
FIELDS OF RESEARCH ENDEAVOR
Paramagnetic Resonance
Thin Photoconductor Films
Ferroelectricity
Propagation and Coding
Speech Analysis
Bandwidth Compression
Hydro-Acoustic Transducers
Molecular Electronics
Defect Solid State Physics
Parametric Devices
Tunnel Diode Logic
Scatter Propagation Analysis
Plasma Physics
ADVANCED DEVELOPMENT & ENGINEERINO
ICBM Communications
Electronic Switching
Nuclear Instrumentation
High-Speed Digital Data Communications
Electronics Reconnaissance Systems
Single Sideband Communications
Synchronous Data Transmission
ASW Techniques
Machine Tool Automation
Radio Data Links
High Intensity Sound Generators
Air Acoustics
Shaped Beam Display Systems
High-Speed Automatic Missile Check-Out Equipment
Super-Speed Read-Out and Printing Equipment
Electro Acoustics & Transducers
Logic Systems
Sound Systems
RF Equipment
Precision Hi-Fi Components
For further information write to the College Relations Section,
Engineering Personnel Department.
I\/IBERG-CARLSON
A D V s ON OF GENERAL DYNAMICS
1450 North Goodman St., Rochester 3, New York
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PROBLEM:
HOW
ELECTRONICS
KEEPS A
HYDROFOIL
CRAFT ON ™-
ITS TOES
Hamilton Standard's Electronics Department is currently
developing the automatic stabilization system for Grumman
Aircraft's exciting hydrofoil boat. This all-aluminum, 80-ton
test design is expected to reach speeds of 60 to 80 knots by
means of reducing its drag through the automatically con-
trolled "lift" of hydrofoils. For peak efficiency, the incidence
of these foils must be continuously controlled so that the
center of gravity will remain steady as wave height and
direction of flow change . . . through every kind of sea.
As you can see, the engineering requirements implicit in
designing an automatic control system for such a craft
created a variety of problems. Engineers had to consider
automatic pitch stability augmentation during take-off, cruise
and landing; manually adjustable trim control devices to
eJIow the pilot to set desired trim in pitch attitude; pitch
trim control from level to eight degrees bow-up and within
+ .25 degrees of reference. In addition, the control, which
will require 115 ± lOV RMS at 400 ± 20 CPS, had to be
designed so that open or short circuit failure of any one
component would not put large reference voltages in circuit
areas resulting in large control surface displacements.
Making use of its experience acquired in engineering the
Automatic Stabilization Equipment for helicopters such as
Sikorsky's S-61 the Electronics Department developed the
lightweight, highly transistorized gear shown below incor-
porating the latest state-of-the-art packaging and circuitry
techniques. The block diagram on the left below shows the
breakdown of the major parts of the system—amplifier and
compensation, vertical gyro package and rate gyro. Space
prevents detailed explanations of its operations but if you
would like to work on similar challenging undertakings talk
with our campus representative about your career aspira-
tions. Write for your copy of our brochure, engineering
FOR YOU AND YOUR FUTURE, to Mr. R. J. Harding.
RESISTANCE TO
PUNISHMENT of
any severe-service part
increased by designing
it to be forged
Vpietter, or horizontal forging machine
Gear blanks for tractor and farm implement transmissions are designed to be
upset-forged, usually with integral forged stub shafts. Forging gives these vital
parts maximum resistance to gear-clashing shifts. Transmission life can
be equal to equipment life when gears are FORGED.
When you design ivith forgings right from the start, you take full advantage
of the many benefits which only forgings offer : highest ratio of strength to weight
. . . highest resistance to impact, shock, vibration, torsion . . .
preferential orientation of flow lines in the forging to concentrate
strength ^vhere required . . . absence of wasteful inclusions and voids.
Forged parts start out as better metal . . . are made even better
by the hammer blows or pressures of the forging process. Vi rite
for literature to help you design, specify, and procure forged parts.
Drop rorg;ng Association • Cleveland 13. Ohio
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Biggest thirst in the universe
Each 6,(XX),000 pound thrust rocket ship now being planned for manned
interplanetary exploration will gulp as much propellant as the entire capac-
ity of a 170 passenger DC-8 Jetliner in less than 4 seconds! It will consume
1,140 tons in the rocket's approximately 2 minutes of burning time. Required
to carry this vast quantity of propellant will be tanks tall as 8 story buildings,
strong enough to withstand tremendous G forces, yet of minimum weight.
Douglas is especially qualified to build giant-sized space ships of this type
because of familiarity with every structural and environmental problem
involved. This has been gained through 18 years of experience in producing
missile and space systems. We are seeking qualified engineers and scien-
tists to aid us in these and other projects. Write to C. C. LaVene, Box 600-M,
Douglas Aircraft Company, Santa Monica, California.
Dr. Henry Ponsford, Chief, Structures Section, discusses valve and
fuel flow requirements for space vehicles with f^^ I I ^ I AQ
Donald W. Douglas, Jr., President of l/UUULMO
(
MISSILE AND SPACE SYSTEMS MILITARY AIRCRAFT DC-8 JETLINERS CARGO TRANSPORTS AIRCOMB® GROUND SUPPORT EQUIPMENT
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Skimming
Industrial
Headlines
Edited by Waily Cwik
Wax Cuts Design Costs
An electronics firm is cutting costs b\
modeling its experimential antenna de-
signs in household paraffin. L ntil engi-
neers discovered paraffin would work,
the costs and time it took to test radical
designs was so great that many designs
which might have proved good were
dropped as impractical. A sharp knife
and a metal straight edge are the only
tools required to make the models.
Fine For Bath
A take-it-anywhere telephone finally
has been invented. A cordles,s phone
which can be installed anii'where is
about ready to go on the market.
FREE . . . Circular Slide Rule
For Our Readers
(General Industrial Co. has started
production on a handy Circular Slide
Rule for engineers and for other plant
and office executives. Any executive who
must perform simple calculations will
find this convenient, pocket-size calcula-
tor extremely useful in his work.
Operation of the rule is simple and
the results are accurate. To multiply,
divide and find proportions is easy and
exceptionally fast with this convenient
circular rule. Complete easy-to-follow
instructions will be included with each
,
slide rule.
For your free Circular Slide Rule
' write on your business letterhead to
I
General Industrial Co.. 178SJ Mont-
I
rose Ave., Chicago 13. Illinois and be
I sure to mention the name of this maga-
zine. To those of our readers who do
j
not qualify as an engineer or other busi-
I
ness executive to receive a free slide
' rule. General Industrial Co., ^^^ll be
pleased to send one for 50c.
Robot Traffic Cop
An automobile plant uses a plant-de-
vised electronic scanner to sequence-fire
24 welding units 320 times a second. If
two welders were to fire simultaneouly.
the consequent voltage drop might affect
weld quality. The scanner makes sure
each welding machine receives an inden-
tical amount of electrical energy, there-
by keeping weld quality constant.
Cross-Linkage of Natural
Rubber
The physical properties of cross-linked
rubber are being investigated at the Na-
tional Bureau of Standards. The ran-
dom chains of natural rubber were ori-
ented by rapid stretching at SO" C, and
cross-linkage was effected in both ran-
dom and oriented chains by exposure to
gamma radiation. The same amount of
radiation produced twice as much cross-
linkage in oriented chains as it did in
random chains. The isotropic length of
cross-linked oriented chains was found
to increase with increased cross-linkage
while that of cross-linked random chains
was unchanged. Cross-linking of random
chains produced a large depression of
the isotropic melting temperatue. where-
as little change was noted for cross-
linked oriented chains.
Westinghouse Building Mounts
For Largest Solar Telescope
Mounts for the world's largest solar
telescope are now being built in West-
inghouse Fllectric Corporation shops at
Sunnwale, Calif., for installation at
Kitt Peak .National Observatory, 40
miles southwest of Tucson, .Ariz. When
the telescope is put into operation, it
will allow geophysicists to conduct spec-
tographic analyses of the sun's surface,
hruptions of fa.st moving gases, radia-
tion, electro-magnetic forces and other
phenomena that can be studied with
the instrument will contribute valuable
information to various scientific fields
including atomic research, meteorology
and comnuiiucations.
Information On Tape
The American Society for .Metals'
New Information Service is already an-
swering the technical literature needs
of fifty nationally known companies.
Not only is it doing this with unprece-
dented speed and economy, actual re-
sults show that it provides ten times
the amount of infomiation that can be
obtained by conventional searching
methods.
Every metals article from more than
900 of the world's leading technical
magazines is being abstrated and coded
on electronic tape . . . Government re-
ports, patents, books are included. Every
week nearly 70(1 abstracts are added to
this magnetic tape "librarv"—more than
35,000 a year.
You can subscribe to the use of this
tape through Infonnation Searching of
ASM's Documentation Service.
Sewer TV
Closeil circuit TV is turning up
ever\-vvhere, even in the sewer.s. A float-
ing TV camera can spot hard-to-find
sewer leaks, saving nuinicipalities hun-
dreds of thousands of dollars in main-
tenance costs.
Warm Giant Fans
The San Francisco Giants' Candle-
stick Park, when completed, will be the
only heated ball park in the world. All
reserved seat sections of the stadium
will be warmed by hot water circulating
through pipes under the concrete scats.
Tank Battles Seas
A World War II medium tank has
lost its gun. gained a boom and joined
the battle to save Delaware's beaches
from the sea. Stripped of turret and
upper armor, the waterproofed Sher-
man tank chassis carries a cratie on its
rear deck. It can operate in ocean tides
up to 12 feet, driving pilings and plac-
ing three to six-ton capstones used to
halt beach erosion.
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ELD0I?,S0^AET1^AES 1 GET lWi\m.
THAT COMPANY RECRUITINO REPS
ARE EXAGGERATING TO US.DONT
YOU FIND \TTHUS?
^'.1»>A'
. /^
AS YOU KNOW, ALBRECHT, I HAVE
ACCEPTED AN ENGINEERING
POSITION PRIMARILY ON THE
BASIS OE AN HONEST, FORTHRIGHT
PRESENTATION.
THEY SAID THAT iWOULO BE WORKING
ON NE\N UNCHARTED TRAILS
THROUGH THE UNIVERSE,. .WITH
THE ONLY LI^A1TS THOSE IMPOSED
BY \\Y IKAAGINATIGN.
^^^u^vl
I WILL LIVE IN AN ULTRA-MODERN
ALL ELECTRONIC HONAE SNUGGLED
ANAONGTHE PINES AT THE EDGE
OF A CRYSTAL BLUE LAKE.
WITH N\ERELY A DOUBLE GARAGE,
ONE OF N\Y SPORTS JOBS WILL HAVE
TO SIT OUT IN THE YEAR-ROUND
PLEASANT WEATHER.
THEV TOLD ^AE EXACTLY WHAT
IV\Y SALARY WOULD BE, AND I'LL
HAVE TO SET ASIDE (TEMPORARILY)
MY PLANS FOR AN OCEAN-GOING
YACHT.
WW'*'-
^
Furthermore, Collins is one of the nation's leading growth companies, producing for both govern-
ment end business, rcmmerciol fields include airline end business aircraft communication and
navigation equipment, data transmission, microwave, amateur radio, broadcast and ground com-
munication equipment. Research, development and manufacturing facilities are located In Cedar
Rapids, Dallas and Burbonk.
Collins likes engineers . . . 20% of its 13,000 employees are engineers. Collins is in the business,
basically, of selling the products of their imaginative thinking.
Co//ins wou/d like to discuss your future wif/i you. Write for the free booklet "A
Career with Co/Zins" and oik your platemeni Counselor when the Collim represent-
ative will be on campus.
AND SO YOU'RE JOINING COLLINS ?
YES, ALBRECHT, SUCH HONESTY AS
THEIRS SHOULD NOT GO UNREWARDED.
COLLINS
CEDAR RAPIDS, IOWA
COLLINS RADIO COMPANY
DALLAS, TEXAS
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562 PRO(MMS,
PRQJECTSiSlTJDIES
ATmmm THE DIVERSITYOF ELECTRONICS ' ^rSPr^o'ctsLo
ACTIVITY AT HUGHES PRO-
VIDES AN IDEAL ENVIRON-
MENT FOR THE GRADUATING
ENGINEER OR PHYSICIST.
THESE ACTIVITIES INCLUDE:
Polaris Guidance Development
Army/Navy Computer Systems
Space Ferry
Fixed Array Antennas
Fire Control Radar Systems
Pulsed Doppler Radar and
Anti-Submarine Warfare
Naval Tactical Display Systems
3-Dimensional Radar
AJr-to-Air Missiles
Space Propulsion Systems
Tunnel Diodes
Infrared Devices
Satellite Active Repeater
Development
Wide Band Scanning Antenna
Feed Systems
K/licrowave Antennas and
Radomes
Guidance and Navigation
Computers
Satellite Communication
Systems
Satellite Reconnaissance Drone
World-Wide Communications
Networks
Micro-Electronics
Linear Accelerators
Gamma Rays
Nuclear Fission
I Remote Handling Devices
Pfiotoconductive Materials
Electroluminescence
I
Solid State Display Devices
I
Terminal Communications
Line-of-Sight UHFand
VHF Relay Systems
I
Air Traffic Regulation and
Landing System
I
Pincustiion Radar
I
Logi-Scale General Purpose
Computer
I
Radar Closed Loop Tester
I
Missile-Range Ship
Instrumentation
I Precision Trajectory
Measurement System
I Space Vehicle Subsystems
I Telemetering Systems
I Radiation Sources, Detection,
Handling Equipment and
Effects Analysis
I Inertial Missile Guidance
Systems
I Machine Tool Controls
I Microwave Tubes
I Transistors and Diodes
I Rectifiers
I Thermal and Magnetic Relays
I Crystal Filters
I Digital Components and Devices
I Plasma Physics Research
ELECTRICAL ENGINEERS AND PHYSICISTS
B.S., M.S. and Ph.D. (June and Summer Graduates)
Members of our staff will conduct
CAMPUS INTERVIEWS
February 28 and March 1, 1961
Find out more about the wide range of programs, unique
Professional Register, advanced educational programs and
relocation allowances offered by Hughes.
For interview appointment or informational literature consult
your College Placement Director. Or write Hughes Colleye
Placement Office, P.O. Box 90515, Los Ar^geles 45. California.
CREATING A NEW
I
TM ELECTRONICS
1
I
HUGHES
I
I
I
HUGHES AIRCRAFT COMPANY
Culver City, El Segundo. Fullerton.
Malibu. Newport Beach, Oceanside,
Los Angeles. Calif.. Tucson. Arizona
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Harley A. Cloud (BSEE, Penn State "58) is a group leader
in the development of simulation testing equipment for a
new solid state airborne computer which IBM is building
for the Air Force.
TRIPS THROUGH THE STRATOSPHERE
WITHOUT LEAVING THE GROUND
A computer will be the heart of the navigation and control
systems for future aircraft designed to operate in the
stratosphere.
Such a computer is now being built by IBM for an advanced
aircraft under development for the Air Force. Harley Cloud,
an IBM engineer, is developing simulation equipmentwhich
will put the computer through its paces. His equipment
will simulate the systems functions encountered by the
250-ton aircraft at Mach 3, fourteen miles up, with poten-
tial adversaries in wait.
Without the airplane leaving the ground, his testing equip-
ment will simulate such inputs to the computer as accelera-
tion in the inertial system, velocity in the doppler radar, and
air pressure in the air data subsystem. These simulation
techniques will help protect lead time for the entire project.
Responsibilities Are Large. As a group leader, he is direct-
ing the design, laboratory breadboarding, electrical draft-
ing, testing and evaluation of this ingenious equipment.
It's a very responsible job for a man out of school less
than three years.
But age is no barrier to advancement in IBM. In the fast-
moving world of data systems, it is ideas and the ability
to do the job that count. And fresh new ideas and abilities
are always welcomed at IBM— whether in development, re-
search, manufacturing, or programming.
If you feel you might be interested in one of these fields
associated with data systems at IBM, you might discuss
it with the IBM representative. Your placement office can
make an appointment. Or you may write, outlining your
background and interests, to
Manager, Technical Employment
IBM Corporation, Dept. 893
590 Madison Avenue
New York 22. N. Y. IBM
®
^ You naturally have a better chance to grow with a growth company.
TV Use in Astronomy
Television has helped an astronomer
to record the light (picked-up by the
University of Arizona 36-inch telescope
)
issuing from the Globula Cluster M 15
tens of thousands of years ago. Televi-
sion is said to be more sensitive than a
photographic plate by a factor of 50 to
100—in other words, exposures have to
be 50-to-lOO times longer with pho-
tography. Thus, television makes it pos-
sible to take many more pictures.
Woman's Influence
The appeal nf a safety director for
a Milwaukee company to the wi\es of
salesmen for cooperation in cutting
down highway accidents produced dra-
matic results. Accidents were cut in
half, compared to little results from
safety appeals directed to the salesmen.
Radar May Free Oil
Deep-penetration radar beams may
provide the necessary heat to unlock oil
reserves trapped in rock thousands of
feet beneath the earth's surface. An
electronics firm is packaging 5,000 to
10,000 watts of microwave power into
a capside six inches in diameter. Oil is
expected to rise to the surface after the
capsule—lowered down a well-bore
—
provides heat needed to raise the temper-
ature of molasses-like oil some 20 de-
grees.
So Small, Yet So Strong
Science is edging in on the secrets of
bacteria which enable these minute or-
ganisms to survive temperatures of 20
below zero (Fahrenheit) to 250 above,
and to revive after years of dry dorm-
ancy.
These secrets are important to hu-
mans—not to pack away specimens of
dessicated humanity to revive in some
future decade—but in food preserva-
tion. A major world problem is bacterial
spoilage of foods, whether dried, put
into deep freeze, or subjected to high
temperatures in the preservation process.
Prof. H. Orin Halvorson, director.
University of Illinois School of Life
Sciences, discussed the bacterial secrets at
a session of the American Association
for Advancement of Sciences meeting.
"The secret appears to lie," he said,
"in concentration of essential enzymes
and substances which enable the organ-
isms to stay alive with a minimum of
nutrition. This concentration appears to
be controlled bv environment.
Grown-Up Toys
K\ery bo\'s dream—a to\' tank which
runs and shoots by remote control—has
solved an old Army training problem.
The Army saves space and money by
training tank platoons with toy tanks
which attack each other with electric
gunfire.
REFRICERA TING
ENGINEERS
Have more than doubled fhe capacity of
synthetic rubber reactors with an Improved
and patented cooling system—one of many
Frick developments of vital interest to de-
fense, to Industry, and to business.
When you take the FrIck Graduate Training
Course you enter a growth program, with ex-
cellent pay and exceptional opportunities.
Get full details today from your College
Placement Office or from
FRICK COMPANY
ESTABLISHED 1853
Waynesboro, Pennsylvania
A Tribute
"From Theory to Practice in Soil
Mechanics" is the title of a 425-page
book published Sept. 29 by John Wiley
1^' Sons, Inc., honoring Dr. Karl Ter-
zahi, Winchester, Mass., Lecturer and
Considtant in Civil Engineering at the
the Uni\ersit\ of Illinois, 1945-60.
The volume, containing selections
from the writings of Terzaghi, with a
bibliography and contributions on his
life and achievements, was prepared by
our co-workers in the field of soil me-
chanics: Dr. Ralph B. Peck. Professor
of Foundation Engineering, U. of I.;
Dr. Lauritz Bjerrum, Director, Nor-
wegian Geotechnical Institute; Dr. Ar-
thur Casagrande, Professor of Soil Me-
chanics and Foundation Engineering,
Harvard Lniversity; and Dr. A. \V.
Skempton, Professor of Civil Engineer-
ing, L niversity of London.
"Few men in a lifetime have exerteil
an influence on their profession to com-
pare with that of Karl Terzaghi im
Civil Engineering and Engineering (ic-
olog\\" the four engineers who pre-
pared the volume state in the preface.
"Yet his writing and practice are no
diverse, have covered so long a period,
and have stemmed from so many coun-
tries that the full scope of his care>-r
remains unrealized by even his closest
associates.
Glue Replaces Torch
Put down that welding torch. Glued
steel pipe is cheaper and holds up better
in corrosive service than welded pipe.
Fails Nose Test
Their best frientl didn't tell them.
Russian gasoline has been turned down
by the island of Cyprus because of its
bad smell. C^n occasion, motorists dro\e
to their stations and asked to have the
Russian gasoline pumped out of then-
tanks.
Tiny Space Thermometers
Till}' bead thermistors made of nickel
oxide and other materials which are
used to measure temperatures in space
are so small that they can pass through
the eve of a needle.
Large Power User
The electrical power used in one day
at the rolling mill of the Huntington
Alloy Products Division of Interna-
tional Nickel at Huntington, West \ ir-
ginia, would supply the average home
\\ith electricity needs for more than a
centurv.
Early Exchange Medium
Copper was used as a medium of ex-
change by early civilizations because of
its durabililv and ease of fabrication.
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Interchangeable Heads for
Engines
Now available to petroleum industi'y
researchers for testini^ high octane ex-
perimental fuels is a 371 cu. in. V-8
engine from (leneral Motors Engineer-
ing Stafif. With interchangeable heads,
it can operate at 10-1, 12-1 and 15-1
compression ratios, and replaces a V-8
test engine of 287 cu. in. that GM Re-
search Laboratories made available in
195(1 for cooperati\-e engine-fuel testing
with cylinder heads of 8,10 and 12-1
ratio.
Two Technical Advisory
Committees Established
Two new Technical Advisory Com-
mittees ha\e been established by the Na-
tional Bureau of Standards, U. S. De-
partment of Commerce, one on Calibra-
tion and Measurement Services, and one
on Engineering and Related Standards.
The committees include leaders in
specialized fields, drawn from industry.
The purpose of the committees is to aid
the l?ureau in cooperating with industry
in the fields of precision measurement,
calibration, and standard practices.
Don't Try To Hide
Gas bubbles and slag particles that
once played hide-and-seek beneath the
surface of hardened steel at inspection
time are now easy prey for steel mill
"detectives" who hunt with modern
ultrasonic equipment.
Ultrasonic inspection of steel is not
new but it has undergone recent im-
provements to meet the nuclear and mis-
sile industries' demands for steel that is
free from defects.
Under extreme pressure the tiny gas
bubbles and slag particules could cause
failures in operating parts of finished
products.
Allegheny Ludlum Steel Corpora-
tion's Eorging and Casting Division at
Detroit is using the latest ultrasonic
equipment. Most forging plants are not
required to meet the high inspection
standards imposed on much of Alle-
gheny's Ludlum's production.
Congratulations
Dr. Wm. G. lie Pierri is co-author
of a U. S. patent covering a new petro-
chemical, trichlorohexamethylbenzene. It
was synthesized by him and a co-worker
at the Baytown, Texas, research center
of Humble Oil iS: Refining Companv's
Humble Division.
A research chemist. Dr. de Pierri is
a member of the section that is engaged
in polymer research. He holds the B.A.
degree in chemistry from Vanderbilt
University and the Ph.D. from Univer-
versity of Illinois, in 1952 and 1957.
FEBRUARY, 1961
Advanced Nuclear Engineering
At U. of I.
Nuclear engineering at the University
of Illinois "has come of age" with ap-
proval by the Board of Trustees for
establishment of an adxanced education-
al program leading to the Doctor of
Philosophy degree in this field.
Action on the new program came twD
years after the University's initiation of
nuclear engineering at the master's de-
gree level.
During that period l.i degrees ha\e
been awarded and pliysical facilities
have come to include the Illinois TRl-
(lA nuclear reactor, three sub-critical
assemblies, a heat transfer loop, a radio
chemistry laborator\- and a nuclear
metallurgy laborator\'. The reactor
began operation last juh.
Prof. Ross J. Martin, chairman of
the nuclear committee, said of the new
degree, "The program is based on as-
sumption that nuclear engineering is a
new field, biulding on existing engineer-
ing disciplines and the physical sciences,
and dealing with the applications of nu-
clear reactions and radiations to engi-
neering.
You Need Some Luck
Many of man's greatest technological
discoveries have occurred through
chance. E\en today, as side effects from
their principal investigations, our sci-
entists occasionally uncover new ways to
further our country's scientific knowl-
edge.
This recently happened, on a smaller
than earth-shaking scale, to two scien-
tists at Illinois Institute of Technolog\'.
Dr. L. F. Mondolfo and Dr. B. E.
Sundquist. working on an unrelated
problem in metallurgy under a National
Science Foundation grant, discovered
that the generally accepted scientific ex-
planation for silver iodide cloud seeding
—known popularly as rainn.aking— is
not correct.
Before water vapor floating in the
atmosphere can precipitate, it must first
be transformed into ice. The two Illi-
nois Tech scientists found that rain-
makers have been using the right sub-
stance for this transformation, but for
the wrong reason.
Gallium Alloys for
Low-Temperature Bonding
The National Bureau of Standards
has develoiied gallium allo\s for the
low-temperature bonding ot wires to
heat-sensitive electronic devices. These
alloys, which are soft when mixed at
room temperature, resist temperatmes
up to 900° C. After hardening. It
was also found that the.\- could be used
to "cold solder" certain ceramic and
metallic surfaces.
MOST
IMPORTANT
FACTORS
in your
working
life
The 6 most important factors
in your working life are
your 5 skilled fingers and
your A.W.Faber-Castell
#9000 Drawing Pencil.
You may prefer LOCKTITE
#9800SG Tel-A-Grade
lead holder with Castell
#9030 Drawing Leads.
We are strictly impartial.
You be the sole judge. In
either case you will get
graphite-saturated lines that
won't flake, feather or burn
out—black, bold image
density, crisply opaque for
clean, sharp prints. 20
rigidly controlled degrees,
8B to lOH, each as precise as
a machine tool. Locktite
Tel-A-Grade, with its finger-
comforting grip, carries an
ironclad 2-year guarantee
from A.W.Faber-Castell.
Pick up your selection at your
college store today.
5
S
A.W.FABER-CASTELL
Pencil Co., Inc., Newark 3, N.J.
Now Kelebrating its
200th birtliday
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ALLEN F. DONOVAN
EDWARD J. BARLOW
lEMOSPACE
CORPORATION
present genuine challenge to scientists
and engineers of demonstrated competence
"To preserve our free insliliilions, it is
absolutely essential that the United
States find the most effective means of
advancing the science and technology
of space and also of applying them to
military space systems. This is the mis-
sion of Aerospace Corporation'.'
Ivan A. Getting
President
Aerospace Corporation
In accomplishing its mission, this non-
profit public service organization per-
forms the unique role of space systems
architect. Aerospace Corporation pro-
vides scientific and technical leadership
to the science/ industry team responsi-
ble for developing complete space and
ballistic missile systems on behalf of
the United States Air Force.
Specific responsibilities of the new
corporation include advanced systems
analysis, research and experimentation,
initial systems engineering, and gen-
eral technical supervision of new
systems through their critical phases.
The broad charter of Aerospace
Corporation offers its scientists and
engineers more than the usual scope
for creative expression and significant
achie\ement, within a stimulating
atmosphere of dedication to the public
interest.
Aerospace Corporation scientists
and engineers are already engaged in a
wide variety of specific systems proj-
ects and forward research programs,
under the leadership of scientist/
administrators including corporation
president Dr. Ivan A. Cietting. senior
vice president Allen E Donovan, and
vice presidents Edward J. Barlow,
William W. Drake. Jr., Jack H. Irving,
and Chalmers W. Sherwin.
Immediate opportunities exist for MS
and PhD candidates completing require-
ments in engineering, physics, chemistry
and mathematics, and interested in:
• Theoretical physics
• Experimental physics
• Incrtial guidance
• Propulsion systems
• Computer analysis
• Applied aerodynamics
• Space communications
• Infrared engineering
• Applied mathematics
High temperature chemistry
• Microwaves
Those qualified and experienced in
these and related fields are urged to
direct their resumes to:
Mr. James M. Benning, Room 132
PO. Box 95081, Los Angeles 45, Calif.
A new and vital force
AEROSPACE CORPORATION
-•ngaged in accelerating the advancement of space science and technology
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Will you be a name or will you be an indivi-
dual? Your job choice will make the differ-
ence. At Allis-Chalmers, training of new
personnel is not an assembly-line process.
Training, job assignments, promotions are
gauged to your growth as an individual.
Personal counseling is considered the key to
your success . . . various members of man-
agement meet with you to help you tailor a
training program in keeping with your back-
ground, interests and future plans.
Career opportunities exist with electrical
and mechanical equipment serving a wide
variety of industry. Check with your place-
ment counselor for detailed information. For
a personal copy of Bulletin 25B6085, "Where
Do You Go From Here?" giving facts on our
company and our training program, write
Mr. C. M. Rawles, Manager, Recruitment and
Placement, Graduate Training Department,
Allis-Chalmers, Milwaukee 1, Wisconsin.
ALLIS-CHALMERS
Designers and producers ot industrial systems; and
manufacturers of compressors, crushers, earth movers,
engines, kilns, motors and controls, nuclear reactors,
pumps, steam and hydraulic turbines, switchgear,
tractors, transformers, valves. A-U20
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Congratulations
Two members of the Department of
Civil Engineering have been elected of-
ficers of the Great Lakes Region of the
American Society of Photogrammetrv-.
Dr. H. M. Karara. Assist. Prof., was
elected Regional President, and Gordon
Gracie. instructor, was chosen Secretary-
Treasurer. Both men were installed dur-
ing the Fall Technical Meeting of the
Region held on Nov. 11. 1960, at Cleve-
land, Ohio.
Dr. Karara has also been appointed
by the American Society of Photogram-
metry' as chairman of a special commit-
tee on International Tests. This com-
mittee will investigate and recommend
to the national society how this country'
may participate more actively in inter-
nationally organized experimental re-
search in photogrammetry. particularly
for the forthcoming Tenth Internation-
Congress for Photogrammetry to be
held in Lisbon. Portugal, in September
1964. It is expected that the University
of Illinois will be one of the centers
working on the American research pro-
gram in connection with the 1964 meet-
ing.
Talking Machines
Machines may be talking soon. Japa-
nese researchers are working on a com-
puter which can receive and produce
spoken language.
EE's Calculator
A new, pocket-sized calculator, de-
signed for engineers who must interpret
or plot frequency response curves, is
available from Hagan Chemicals &: Con-
trols, Inc.
The "Frequency Response Calcula-
tor" eliminates the need for slide-rule
computations or complex chart refer-
ences when plotting a frequency response
cur\-e as a means of evaluating an am-
plifier, controller, transducer, power
positioner, or other control device.
By using the Calculator, it is possible
to rapidly convert the input-ouput rela-
tion of a component into the decibels of
attenuation or gain occurring at a given
frequency, and thus detemiine one point
on the frequency response characteristic
cur\'e. Thus, the Calculator eliminates
the slide rule operation of determining
the gain in
db ^ 20 logiD (output)
(input)
In addition, the Calculator may be
used to interpret frequency response
curves. By taking any point off a fre-
quency response curve, plotted in fre-
quency versus gain in decibels, it is pos-
sible to read the ratio of input to out-
put.
For instance, if a point on the fre-
quency response cur\e indicates that the
amplitude is minus 15 db at a specific
frequency db is set on Scale E. Scale
D would then show that the output am-
plitude at the specified frequency would
be 18'~r of the amplitude expected under
low frequency conditions. In other
words, if an instrument were subjected
to a continually oscillating input signal,
the output amplitude of the instrument
at that particular frequency would be
only 18*^1 of that expected, if the input
signal were changing very slowly.
For more information on availabilit\
of the Frequency Response Calculator,
write to Charles S. Cotton, Hagan
Chemicals ^' Controls, Inc., Hagan Cen-
ter. Pittsburgh 30. Pa.
Dr. Zartman Presents Thesis
Dr. W . N. Zartman presented at the
Washington, D.C., meeting of Ameri-
can Institute of Chemical Engineer>
(12 4-7). the thesis for his Ph.D. de-
gree at L niversity of Michigan. It was
entitled "Heat Transfer from Acounti-
cally Resonating Gas Flames in a Cy-
lindrical Burner."
Dr. Zartman also holds the M.S. de-
gree from the L niversity of Michigan,
and the B.S. degree from L niversity ot
Illinois. He was awarded the Bronze
Tablet at the latter, and while attend-
ing college was elected to Tau Beta Pi.
Sigma Xi, Phi Lambda Lpsilon, Ph:
Eta Sigma. He is a member of Amer
-
can Institute of Chemical Engineers.
^T. Pat'5 5all
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If your sights are set on outer space
U.S. Air Force I.C.B.M. "Titan" shown in the vertical test
laboratory at the Martin Company, Denver, Colorado.
you1l find
Photography
at Work
with you.
rrom the time a scientist's mind first
sparks an idea for exploring space,
photography gets to work with him. It
saves countless hours in the drafting
stage by reproducing engineers' plans
and drawings. It probes the content
and structure of metals needed by
photomicrography, photospectrography
or .x-ray diffraction. It checks the opera-
tion of swift-moving parts with high-
speed movies—records the flight of the
device itself—and finally, pictures what
it is in space the scientist went after in
the first place.
There's hardly a field on which you
can set your sights where photography
does not play a part in producing a
better product or in simplifying work
and routine. It saves time and costs in
research, in production, in sales and
in office routine.
So in whatever you plan to do,
take full advantage of all of the ways
photography can help.
CAREERS WITH KODAK:
With photography and photographic proc-
esses becoming increasingly important in the
business and industry of tomorrow, there
are new and challenging opportunities at
Kodak in research, engineering, electronics,
design, sales, and production.
If you are looking for such an interesting
opportunity, write lor information about
careers with Kodak. .Address: Business and
Technical Personnel Department, Eastman
Kodak Company, Rochester 4, N. Y.
EASTMAN KODAK COMPANY
Rochester 4, N. Y. TRADEMARK
One of a series*
Interview with General Electric's
W. Scott Hill
Manager— Engineering Recruiting
Qualities I Look For
When Recruiting Engineers
Q. Mr. Hill, what can I do to gel the
most out of my job interviews?
A. You know, we have the same
question. I would recommend that
you have some information on what
the company does and why you be-
lieve you have a contribution to
make. Looking over company in-
formation in your placement office
is helpful. Have in mind some of the
things you would like to ask and try
to anticipate questions that may
refer to your specific interests.
Q. What information do you try to get
during your interviews?
A. This is where we must fill in be-
tween the lines of the personnel
forms. I try to find out why partic-
ular study programs have been fol-
lowed, in order to learn basic motiva-
tions. I also try to find particular
abilities in fields of science, or math-
ematics, or alternatively in the more
practical courses, since these might
not be apparent from personnel rec-
ords. Throughout the interview we
try to judge clarity of thinking since
this also gives us some indication of
ability and ultimate progress. One
good way to judge a person, I find,
is to ask myself: Would he be easy
to work with and would I like to
have him as my close associate?
Q. What part do first impressions play
In your evaluation of people?
A. I think we all form a first im-
pression when we meet anyone.
Therefore, if a generally neat ap-
pearance is presented, I think it
helps. It would indicate that you
considered this important to your-
self and had some pride in the way
the interviewer might size you up.
Q. With only academic training as a
background, how long will it be before
I'll be handling responsible work?
A. Not long at all. If a man joins a
training program, or is placed direct-
ly on an operating job, he gets
assignments which let him work up
to more responsible jobs. We are
hiring people with definite consider-
ation for their potential in either
technical work or the management
field, but their initial jobs will be
important and responsible.
Q. How will the fact that I've had to
work hard in my engineering studies,
with no time for a lot of outside activi-
ties, affect my employment possibilities?
A. You're concerned, I'd guess, with
all the talk of the quest for "well-
rounded men." We do look for this
characteristic, but being president
of the student council isn't the only
indication of this trait. Through
talking with your professors, for
example, we can determine who
takes the active role in group proj-
ects and gets along well with other
students in the class. This can be
equally important in our judgment.
Q. How important ore high scholastic
grades in your decision to hire a man?
A. At G.E. we must have men who
are technically competent. Your
grades give us a pretty good indica-
tion of this and are also a measure
of the way you have applied your-
self. When we find someone whose
grades are lower than might be ex-
pected from his other characteristics,
we look into it to find out if there
are circumstances which may have
contributed.
Q. What consideration do you give work
experience gained prior to graduation?
A. Often a man with summer work
experience in his chosen academic
field has a much better idea of what
he wants to do. This helps us decide
where he would be most likely to
succeed or where he should start his
career. Many students have had to
work hard during college or sum-
mers, to support themselves. These
men obviously have a motivating
desire to become engineers that we
find highly desirable.
Q. Do you feel that a man must know
exactly what he wants to do when he is
being interview^ed?
A. No, I don't. It is helpful if he
has thought enough about his in-
terests to be able to discuss some
general directions he is considering.
For example, he might know whether
he wants product engineering work,
or the marketing of technical prod-
ucts, or the engineering associated
with manufacturing. On G-E train-
ing programs, rotating assignments
are designed to help men find out
more about their true interests be-
fore thej^ make their final choice.
Q. How do military commitments affect
your recruiting?
A. Many young men today have
military commitments when they
graduate. We feel it is to their ad-
vantage and ours to accept employ-
ment after graduation and then ful-
fill their obligations. We have a
limited number of copies of a De-
partment of Defense booklet de-
scribing, in detail, the many ways in
which the latter can be done. Just
write to Engineering Personnel,
Bldg. 36, 5th Floor, General Electric
Company, Schenectady 5, N. Y. 959-s
*LOOK
/>
Sometime within the next several years, the nrst
American will soar into orbit around the earth. He will be
sealed in a small, cone-shaped space capsule mounted atop an
Atlas missile. The missile will climb 100 miles in less than six
minutes, where the capsule will disengage and go into orbit. The
man will be alone in space.
4
4
The vehicle for this historic voyage is already in production under
the auspices of the National Aeronautics and Space Administration's
"Project Mercury." One of the methods of heat protection is a beryl-
lium heat sink, forged on two giant steel dies. Both dies are USS
Quality Steel Forgings. The top die (shown being rough-machined
on one of our vertical boring mills) will be convex, 20 inches thick
and will weigh 26,520 pounds. The bottom die, concave and 18
inches thick, weighs 27,700 pounds. Both are 92 inches in diameter.
Steel is the starting gun in the race to outer space. Space ships
and missiles couldn't get off the ground without it. And Steel de-
pends on men like you. Send the coupon if you would like to find out
about the many engineering financial analysis or sales career op-
portunities at U. S. Steel. USS .s a registered trademark
This mark tells you a product is made i jj^t
of modern, dependable Steel, y .J^
United States Steel Corporation
Personnel Division
525 Wiiiiam Penn Place
Pittsburgh 30, Pennsylvania
Please send me the booklet.
Name
School
'Paths of Opportunity."
Address-
City _Zone State-
(UsS) United States Steel
Things
we know about
tomorrow
Uau^
. phenomenon of modern America is the so-called
think company." It owns no factories, manufactures
iO products and makes no shipments, but just "thinks"
bout problems- -and brilliant ways to solve them.
We have a number of "think companies" within Westinghouse.
One is a group of scientists in the research labs near
'ittsburgh who seek basic knowledge, like the production
f light by solids, and the origin of magnetism.
Other Westinghouse scientists in Baltimore apply basic knowle
that most demanding of all problems. . .national defense. At
'heswick, Pa., another group thinks about products needed in the
merican home 10 or 15 years from now.
As a result of this kind of thinking Westinghouse scientists and
ngineers have achieved startling advances in atomic power, the
aunching system for Polaris, thermoelectric generators
nd many other developments.
The back-up facilities in the Westinghouse "think companies"
lelp make Westinghouse the best place for talented engineers
or information on rewarding career opportunities write
.. H. Noggle, Westinghouse Educational Department,
.rdmore and Brinton Roads, Pittsburgh 21, Pa.
You can be sure... if it's
Westinghouse
w
NASA program-highlights
NEXT DECADE
IN SPACE
Year 4 to 14 of the Space Age
Project Mercury— U. S.'s first
manned satellite.
Project Mariner-600 to 1200 lbs
First U. S. Planetary missions to
Venus and Mars. Modified craft for
hard landings on moon.
Project Aeros— 24-hour stationary
weather satellite. Launched in
equatorial orbit. Three satellites
could permit continuous observa-
tion of most of earth's surface.
M
<s<
f %
Project Voyager-Orbit Mars and
Venus and eject instrumented cap-
sule for atmospheric entry and
perhaps landing.
Project Prospector— Soft landing
on moon and exploration of area
within 50 miles of landing point.
Nimbus— 600 to 700 lb. meteoro-
logical satellite series. Stabilization
system will keep cameras pointed
earthward.
Orbiting Astronomical Observatory
-Standardized, 3500 lb. satellite,
for several experiments with differ-
ent scientific sensors and special-
ized devices.
20.000 lbs
1960
Anticipated Growth of NASA
Spacecraft m terms of weight
of individual near earth satellites.
1963
Launch Vehicles— New and more
powerful launch vehicles; chemical,
electrical, nuclear propulsion.
CENTAUR SATURN C-1
Project Surveyor— First soft land-
ing on moon. Conduct observations
from stationary position.
Solar Observatory— 350 lb. Large
flywheel and extended arms rotate
to stabilize. Under construction.
Orbiting Geophysical Observatory
— 1000 lb. geophysical research
satellite designed for a near earth
circular polar orbit or an inclined
highly elliptical orbit
These programs facing the scientists and
engineers of NASA comprise the most
challenging assignment ever given a group
of Americans.
You are invited to work alongside the many
distinguished and dedicated members of our
technical staff. For details about
outstanding professional opportunities,
address your inquiry to the Personnel
Director of any of these NASA Research and
Space Flight Centers —
NASA Ames Research Center • Mountain View, California
NASA Flight Research Center • P.O. Box 273, Edwards, California
NASA Goddard Space Flight Center • Greenbelt, Maryland
NASA Langley Research Center • Hampton, Virginia
NASA Lewis Research Center • Cleveland 35, Ohio
NASA Marshall Space Flight Center • Huntsville, Alabama
NASA Wallops Station • Wallops Island, Virginia
National Aeronautics and Space Administration
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This month our cover honors Brad Palmer's article. Steam
power is the heart of many a sea-going vessel. We suggest that
you take a look at S-S-Steam Heat on page 14.
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Nevif Cars and Trucks Use IVIore Malleable
For Better Performance... Lower Cost
As the automotive industry steps up its drive to pack
greater performance into lighter weight vehicles and
still hold costs in line, the demand for Malleable iron
castings continues to increase. Noted for their strength,
toughness, machinabUity and economy, Malleables are
used as key components in every make and type of
vehicle.
Matching each new advance in automotive technology,
Malleable is now avaOable in a broad range of properties,
including tensUe strengths from 50,000 to 120,000 psi!
Find out now how much Malleable castings can improve
your products. Contact any company that displays
this symbol—
-^r~' HL
i
MAIO-EABLE
IRON
CASTINGS
For Free Literature on advantages
of Malleable iron castings, with
examples from the automotive
industry, ask any member com-
pany for Data Unit No. 113,
or write to Malleable Castings
Council, Union Commerce Build-
ing, Cleveland 14, Ohio.
M E M B e c?
MALLEABLE
Testifying to Malleable's outstanding ability, pearlitic Malleable
iron crankshafts are now used in both cars and trucks, like
this new heavy-duty highway hauler Pearlitic Malleable was
chosen for its high strength, wear resistance, damping capacity
and machinability . . . Malleable is the most machinable of all
ferrous metals of similar properties.
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As you plan your career-be sure to consider
i*l\J115(4.1IL\J» It may surprise you that
Monsanto needs electrical and mechanical engineers,
as well as chemical engineers.
Fact is, though, that Monsanto offers many opportuni-
ties to men with your professional training, including:
• Process control
instrumentation
• Applied research
• Automated process systems
engineering
• Equipment evaluation and selection
Mechanical Engineers . .
.
• Plant design and layout
• Equipment selection
• Materials specification
• Design of new and unique
equipment
Electrical Engineers . .
.
• Design of electrical
systems
• Plant engineering
• Construction
• Specialization in the fields
of fluid mechanics, stress
analysis, heat transfer, etc.
• Power distribution and
substation design
May we discuss these with >ou as we ^isit your
campus this year? ^'ou can arrange for this visit with
your Placement Director;
or write Professional l{m-
ployment Manager, HM-2,
Monsanto Chemical Com-
pany, St. Louis 66, .Missouri.
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about Vitro Laboratories
in Silver Spring, Maryfanci
POURIS • TARTAR • TALOS • TERRIER
I -
I *
DIGITAL EQUIPMENT • SIMUUTORS • TORPEDOES
EXPERIMENTAL UNDERWATER VEHICLES
WEAPONS SYSTEMS ANALYSIS • FEASIBILITY STUDIES
. BASIC AND APPLIED RESEARCH
PHYSICISTS . MECHANICAL ENGINEERS
• ELEQRICAL ENGINEERS
See your Placement Office for odditioflal
information and interview dote- or write
Don Armiger, College Relations Administrator
LABORATORIES
^f^^W DIVISION OF VITRO CORPORATIONm mm of America
14000 GEORGIA AVENUE, SILVER SPRING, MO., WHITEHALL 2-7200
•;"• *#
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Energy conversion is our business
Earth's attraction for an apple?
Free fall in relativistic space?
A complex nneson field?
Built-in return power for project
Mercury?
How is it related to binding energy?
Gravity is both a bane and a boon to man's
efforts — and a thorough understanding of
it is of great significance in the completion
of Allison's energy conversion mission.
Gravity conditions our thinking on ad-
vanced assignments. For example, in
outer space there is a disorientation of
conventional design. The fact that large
accelerations can be obtained %vith lo\v
thrust forces has taken us into the new field
of electrical propulsion, ion and magneto-
hydrodynamic rockets.
In our inquiries, we supplement our owrn
resources by calling on many talents and
capabilities: General Motors Corporation,
its Divisions, other individuals and organi-
zations. By applying this systems engineer-
ing concept to new projects, we increase
the effectiveness with which we accom-
plish our mission — exploring the needs of
advanced propulsion andweapons systems.
Division of General Motors. Indianapolis 6, Indiana
MARCH, 1961
THE TECHNOGRAPH
from The Editor's Desk
. . .
Senility, Senority, and Flexible
Retirement
He begins his lecture by mumbling inaudibly
to the class. With hands withered by arthritis he
begins to write and develop formulas familiar
only to his poor senile mind. They have no cor-
relation to what is stated in the book. After too
many years of teaching he has forgotten to tell
the students how his symbols correspond to the
book's. When asked what these obscure inani-
ties filling the lovely green board are, he replies,
"these are the formulas I don't want you to use.
Simply apply the general formula in the chap-
ter." This would be fine, but he has forgotten to
tell the class what chapter he was going to cover
this particular day. These ore not random inci-
dences but would happen every day with slight
variations on the theme.
It has happened on this campus, and will
continue to happen while men v/ho should hove
been retired years before continue to teach. The
above mentioned professor was once considered
one of the finest teachers in the department. It
seems his mind decayed faster than the depart-
ment hod expected. Yet he continues to teach
through either pity, respect for seniority, or plain
ignorance on the part of the administration.
There exists this drastic waste of manpower
in our academic ranks. It takes the form of keep-
ing teachers who have lost the capacity to com-
municate, or at the other extreme, firing men
at some arbitrary retirement dote. The latter case
certainly predominates. In some situations the
man can continue his research but must stop
teaching.
The senile professor situation does not occur
often, but when it does occur it is tragic. Why
should students be forced to sit before a man
v/ho can barely walk, talk, hear, write, or, of
prime importance, communicate with young
minds.
There are certainly many problems to be
faced when a teacher's retirement draws near.
Many men are turned away from what they
know and love without adequate retirement pay
and often face abject poverty. Something is
being done about this sad situation. With a
grant of $205,000 from the Ford Foundation,
the American Association of University Profes-
sors and the Association of American Colleges
inaugurated the Retired Professor's Registry in
January, 1958. It is located in Washington, D.C.,
and is currently headed by Louis Corson. Its
job is to place capable retired professors bock
in the educational profession. An additional aid
to retired professors is insurance with unlimited
age ceiling to help combat the financial burden.
Why all this waste and burden? The prime
reason is that men are retired not because of
ability, but because of some arbitrary obsoles-
cence date. The solution is not simple. How-
ever, if students are constantly being tested as
to what they have learned, why not test teachers
occasionally to see if they can teach?
When a man reaches the age of sixty or
sixty-two, why not test him every other year to
observe the quality of his teaching? This may
be on affront to many of our learned men, but
if they feel a professional responsibility they
must retire if no longer fulfilling this same re-
sponsibility. To the men who are able to teach
the test would come as a welcome challenge.
The test may be simple enough. Have one
of the faculty sit in on one or two classes. The
test would not be scheduled and could happen
at any time. This should guarantee the class
would be conducted as it is from day to day.
If answers come as fond remembrances of things
post, or ore left incomplete, if numbers having
no meaning fill the board, if equal signs are
continually misplaced, the man may not be up
to par.
If the lecture has some meaning and is de-
livered, logically there is no reason for a man
to be retired at sixty or one hundred and six.
Age is no criterion for retirement. Ability, both
intellectual and physical, is needed to communi-
cate with students. Here is the criterion!
The above mentioned test may seem tact-
less to a sensitive faculty. If so, let them find
some other method to measure a man's ability.
If none can be found the "brute force" of a
demonstration of ability must be used.
The waste of trained teaching power can
only be avoided if men of ability are allowed
to continue to teach until they choose to re-
tire. And when they choose to, or must be re-
tired, there must be enough funds for a com-
fortable existence.
—Sheldon H. Altmon
MARCH, 1961
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Concepts of "Divided Shielding" and "Shadow Shielding"
NUCLEAR POWER AND
ITS APPLICATIONS
Part III: Nuclear Propulsion
By George Carruthers, N.E., B.S., Ae.E., Technical Editor
It is in the application of nuclear
power to transportation that the tre-
mendous advantage of nuclear power
comes apparent. Since one pound of fis-
sionable material is equivalent to 2,-
000,000 pounds of coal in energv--pro-
ducing capacity, the use of nuclear
pou-er provides a great saving in fuel
weight and virtually eliminates refuel-
ing stops. There already exist sub-
marines and surface vessels powered by
nuclear energy which can circle the
world several times without refueling,
and within a few years there will exist
nuclear-powered aircraft with the same
capability. The use of nuclear power in
rocket vehicles, either directly or as a
nuclear-electric system, will enable man
to travel to the farthest reaches of the
solar system with relatively small fuel
consumption.
Nuclear Ships and Submarines
The USS Nautilus was the first of
a long line of nuclear-powered vessels
in operation or under construction by
the United States. It uses a pressurized
water reactor similar to the one at the
Shippingport, Pa., power station, and
the land-based naval training reactor at
Idaho Falls. At the time of its second
refueling, the Xdutilus had traveled a
total of 153,886 miles, of which 115,-
383 were fully submerged.
On 23 July. 1958, the Xauti/us left
Honolulu and after a rapid submerged
voyage through the Bering Strait, went
under ice off Point Barrow, Alaska,
and proceeded due north to become, at
11:15 (EDST) on 3 August, the first
ship in history to reach the North Pole.
After steaming o\er 181)0 miles under
the polar pack the submarine on 5 Au-
gust entered the open waters of the
Greenland Sea west of Spitzbergen and
continued south to the Atlantic to be-
come the first ship to make the North-
west Passage via the polar route.
The submarine covered a total dis-
tance of about 8,000 miles—of that,
about 97
'/f was undersea.
[ .S5 Skate duplicated the feat of
Nautilus 1 1 August by successfully
crossing the North Pole while exploring
under-sea routes beneath the polar ice-
cap.
The t^S'^ Scau'olf. the second in the
line of nuclear-powered submarines, dif-
fered from \autilus in that a sodium-
cooled reactor was used instead of a
pressurized-water one. The primary"
sodium coolant is used to boil water in
a heat exchanger, with the resultant
steam being used to drive the turbines.
In the pressurized-water type reactor,
the pressurized water is used to boil
secondary water in the heat exchanger.
Due to the superior heat transfer prop-
erties of sodium, a sodium-cooled reac-
tor can be made lighter and more ef-
ficient than a water-cooled reactor.
However, the Seaivolf experienced
much difficulty due to corrosion arid
leakage problems of the primary sodi-
um coolant, and as a residt, the Skate
and all successive nuclear submarines
have used the pressurized-water type
reactor.
Since it was realized that nuclear
submarines would spend the majority of
their time submerged, ways were inves-
tigated to improve the maximum speed
while submerged by improvement of the
hydrodynamic configuration of the sub-
marines. After extensive wind - tunnel
tests, engineers came up with an im-
proved "tear drop" or fish-shaped con-
figuration, which was first used in the
diesel-powered L SS Albacore. The
new configuration was combined with
nuclear power in the USS Skipjack.
which at present holds the speed record
for all submarines.
The ['55 Triton, commissioned Nov.
10, 1959, is powered by two nuclear
reactors and is the largest submarine
ever built for the L . S. Navy.
L. S. Submarines George U ashing-
ton, Patrick Henry, and Theodore
Roosevelt are the first of a fleet of nu-
clear-powered submarines which will be
equipped with the Polaris FBM ( Fleet
Ballistic Missile), each of which consti-
tutes a mobile launching pad of almost
unlimited range.
The Navys guided missile cruiser.
Long Beach, which was launched July
14, 1959, is the free world's first nu-
clear-powered surface vessel. (The Rus-
sians were first with their nuclear pow-
ered icebreaker, Lenin.) The Long
Beach is powered by two pressurized-
water reactors. Also under construction
are the guided missile destrover Bain-
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bridge, and the aircraft carrier Enter-
prise, which, powered by eight reactors,
is the largest ship ever built.
The .V5 Savannah, the world's first
nuclear-powered merchant ship, was
named after the 55 Smmnnah. the first
steamship to cross the Atlantic Ocean.
May-June. 1819. This event has been
commemorated annually since 1933 as
Maritime Day (May 22) by Presi-
dential Proclamation.
The ship was named by President
Eisenhower on October 29, 1957. ac-
cepting the suggestion of the Maritime
Industr\\ He had first proposed build-
ing the ship in a New York speech on
April 25, 1955.
The ship was authorized bv Congress
in Public Law 848. July 20. 1955. to
be built as a joint project of the U. S.
Atomic Energ>- Commission and the
U. S. Department of Commerce's Mari-
time Administration, under Sections
715 and 716. Merchant Marine Act of
1936. as amended. The design was initi-
ated July 2, 1956. with the contract for
development and fabrication let by the
Atomic Energ\' Commission to Babcock
and Wilcox, on April 4. 1957, on a
fixed-price (S9,872,0ai) basis. The re-
actor is an advanced design pressurized-
water type with fuel elements enriched
to about 4*^^^ U-235, and is the same
t^pe as used in the t 55 Xautilus and
1'55 Siate. and Shippingport Atomic
Power Station in Pennsylavania. The
reactor has an output of 74 MWT
( Mega-watts, Thermal ) maximum and
has a life expectancy of the core of 52,-
0(K) MWD (megawatt days) or about
3^2 years.
The reactor core is 66 inches high by
62 inches mean diameter, containing
about 8.060 kilograms of uranium ox-
ide (fO^, ) enriched to 4.4 weight per-
cent of uranium-235 (312.4 kg of L-
235). held in 32 fuel elements (164
fuel rods per element) clad in stainless
steel. The core is enclosed in a pressure
vessel 26.5 feet high and 98 inches in-
side diameter. constr\ictcd of six-inch
carbon steel plate clad on the inside with
type 304 stainless steel. The design pres-
sure is 2,000 psi. and the design tem-
perature is 650'F.
Surrounding the reactor is the pri-
mary- shield, a 17-foot high lead and
1 steel tank with an annular water space
[of 3i inches. The reactor, primary
I
shielding, and all equipment handling
!the primary coolant are inclosed in a
Icontainment vessel, a 50.5-foot long,
!35-foot diameter carbon steel closed cyl-
inder, with wall thickness varying from
|2^" to 4". The design pressure of the
jvessel is 184 psi, which is the pressure
that would be generated if all the pri-
jniar}- shield is of sufficient thickness that
IcrewTiien mav enter the containment
FIG I. Th« U i 5- NAUTiuWi, •wo»-itf* 4 i ,- » t », ^ c t e « r - po - e ' « d v«fc*«l
FiC Z io.9«. a- -^ntt •i^.^'C^' ''o^m.-ac v.ercna'.f Sn.p, %r.e N S &AVASNAH. ,vk,.cb, wa4 ^..-ir
bj the ^n.^ee Statti AtowMC E n e r^ ^ Co»»..yi.ii o»i a'.c t ne Mor.time Co»«r*i . »4 • ow
ei the Department Of Cotvtmer-cc
' •*«• N S SAVXSSkM, .*» V- t'i.*
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vessel to make repairs with the reactor
shut down. I
Surrounding the containment vessel I
is a secondary shield consisting of lead,
polyethylene, and water, and is such
that the radiation level outside the con-
tainment vessel is within safe limits with
the reactor operating at full power. The
secondary shield has a constant thick-
ness of ten inches, and a total weight
of 2,000 tons. The gross weight of the
complete power plant is 3,165 tons.
The operating pressure of the reactor
primary coolant is 1,750 psi absolute,
with an inlet temperature of 494°F.
and an outlet temperature of 521 °F.
The primary coolant boils secondary
water in a heat exchanger, which in
turn drives a 22,000-hp. maximvim out-
put DeLava! steam turbine, which is
double-reduction geared to the single
shaft, driving a five-bladed, nickel-man-
ganese-bronze propeller. The turbine
also drives two 1,500-kilowatt turbo-
generators which supply the ship's pow-
er. Two 750-kw. diesel generators pro-
vide emergency power in case of re-
actor shutdov,-n.
The contract for the construction of
the Savannah was signed by the Atomic
Knergy Commission and Maritime Com-
mission with the New York Shipbuild-
ing Corporation December 10. 1957,
for twenty million dollars. The keel
was laid May 22. 1958 ( Martime Day)
and was launched July 21, 1959. The
reactor fuel was emplaced early in I960,
and the ship is now undergoing exten-
sive dock and sea trials.
The .ship will be brought into com-
mercial operation via three stages: (1)
Initial tests and trials, lasting si.x
months to one year, (2) Limited com--
mercial operation, carrying passengers,
(principally nuclear scientists and engi-
neers studying ship's reactor operation)
and cargo at prevailing rates but not on i
a regular schedule for approximately 18 •
months, and (3) At conclusion of sec-
cond stage, the Savannah will be char-
tered to a private operator to be used
in normal commercial service on a speci-
fied trade route on established sched-
ules.
The Sat'annah has an overall length
of 595.5 feet, and a displacement of
22,000 tons fully loaded. It has a cargo -
capacity of 9,400 deadweight tons, car-
ries 60 passengers and a crew of about
110, and has a sustained speed of 20.25
knits. It can travel an estimated 300,-
000 nautical miles without refueling,
during which time only 57.6 kilograms
of the initial uranium-235 loading is
consumed.
A new development which will be
soon applied to naval \essels using nu-
clear power is the gas-cooled reactor. A
luiclear reactor using helium coolant
j
can be made much lighter than the con-
ventional types, since helium is not made
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Fig. 9. Thermodynamic relations for nuclear reaction engines
radioactixe in the reactor, and therefore
can be used directly to drive the tur-
bines. The efficiency is greatly increased,
and heat exchanging devices are elimi-
nated. Also, helium is non-corrosive, and
has very good heat transfer character-
istics, thereby greatly simplifying the
core design. A typical MGCR (mari-
time gas-cooled reactor) would ha\e a
coolant pressure of 1,150 psi. an inlet
temperature of 745°F and an outlet
maximum temperature of 1,500°F. Net
shaft efficiency (shaft power/reactor
thermal power times 100) is 31.7'(, as
compared to about 22.5',' for the Sa-
vannah power plant.
Nuclear Aircraft and Space
Vehicles
Since the fission of one pound of U-
235 releases as much energy as the com-
bustion of 1,700,000 pounds of gasoline,
when converted to thrust, this energy
woidd enable aircraft to fly for extreme-
ly long times, with fuel consumption
measured not in thousands of pounds
per hour—but in pounds per ivcek.
The unlimited flight potential of nu-
clear-powered aircraft makes inevitable
the eventual development of such air-
craft. Work has been underway for the
development of nuclear aircraft engines
by the L . S. Atomic Energ)^ Commis-
sion for some vears now.
The Commission's work on nuclear
powerplants for manned aircraft has
been carried out following two ap-
proaches—the direct cycle tuibojet, and
the indirect cycle turbojet.
The direct cycle approach has been
pursued by the General Electric Co.,
Evendale, Ohio, under Commission con-
tract since 1951. Testing of reactor
prototypes is carried out at the National
Reactor Testing Station in Idaho. Much
of the basic research and development
work has been in reactor materials de-
velopment and in the operation of re-
actor experiments.
The first aircraft reactors experiment.
Heat Transfer Reactor Experiment No.
1 (HTRE-1). consisted of an air-
cooled, metallic-fuel element and water-
moderated reactor operating a turbojet
engine. The turbojet engine and shield
were part of the Core Test Facility.
The facility included two engines for
test convenience, although only one was
needed for operation of the first HTRE
core.
In these tests, system components
were arranged to allow flexibility in
test, a maximum of test information,
and immediate access to the power
plant. For this reason, the reactor was
greatly over-shielded and considerable
extra equipment was movinted on the
test dolly along with the reactor, en-
gines, and power-plant components.
The shield consisted of water, lead,
and steel. It was designed to reduce
radiation to a safe level, for conveni-
ence in operation, and was not designed
for light weight as would be necessary
in a flyable reactor.
The HTRE reactor structure con-
sisted of a cylindrical water vessel pene-
trated by air ducts, and was designed
for quick insertion and remoxal from
the main shield. Abo\ e the reactor was
a shield plug, designed to shield the
area above the reactor from nuclear
radiation. The shield plug and heavy
gamma shielding were made of stainless
steel. Moderator water was used for
neutron shielding in the shield plug.
The HTRE operated as follows: air
entered the turbojet engine and was
compressed to approximateh^ five times
the intake pressure. The air was then
collected in a scroll and ducted f" a
njanifold on top of the shield tank. The
air passed through the shield in parallel
ducts and entered the air pleiumi cham-
ber above the reactor. It then was passed
through the reactor, where it was heat-
ed, and entered another plenum cham-
ber at the reactor exit. The air then
was ducted to the engine, where it
turned the turbine that dro\e the en-
(Continiicd an Page 22)
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OUT OF THE LABORATORY
Forthcoming space exploration
will require exotic fuels and new concepts in
energy conversion to keep nu-n alive and equip-
ment operating for long periods of time beyond
the earth's atmosphere. Advanced hydrogen sys-
tems recently developed by The Garrett Corpora-
tion have solved this problem of providing the
electrical, hydraulic and pneumatic power, plus
cooling and heating required aboard a satellite or
space capsule during launching, outer space flight
and re-entry.
Besides such spacecraft and missile systems,
other product areas in which Garrett engineers
work include small gas turbine engines. Might
data systems for air and underwater use. nuclear
and solar power systems, cryogenic systems and
THE
controls, and air conditioning and pressurization
systems for conventional aircraft and advanced
flight vehicles.
Such diversity of interest not only makes \vork
more interesting at Garrett, but gives the engineer
an opportunity to increase his knowledge and
chances for responsibility and advancement.
An orientation program lasting a period of
months is also available for the newly graduated
engineer, working on assignments with experi-
enced engineers in laboratory, preliminary design
and development projects. In this way his most
profitable area of interest can be found.
Should you be interested in a career with The
Garrett Corporation, write to Mr. G. D. Bradley
in Los Angeles.
/liResearch Manufacturing Divisions
Los Angeles 45, California • Phoenix, Arizona
OTHER DIVISIONS AND SUBSIDIARIES: A IRSUPPLY- A ERO ENGINEERING • AIRESEARCH AVIATION SERVICE • GARRETT SUPRUY • AIR CRUISERS
AIRESEARCH INDUSTRIAL . GARRETT MANUFACTURING LIMITED . MARWEDEL • GARRETT INTERNATIONAL S.A. . GARRETT (JAPAN) LIMITED
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S-S- STEAM HEAT
By Brad Palmer, Communications, '62
Allhrjui/h the folloii'my ivas not writ-
ten by an engineer, it does concern it-
self icith engineering principles. This
iirticlc proves that engineering reaches
beyond the engineer and. in this case,
to the men on hoard ship.—Editor
Steam is the lifeblood of a naval ship,
for without steam, a ship has no offen-
sive threat, and its defensive abihty is
dangerously weakened. It merely be-
comes a floating battery, completely vul-
nerable to attack. Of course there re-
mains the possibility of reverting to
sails which, afterall, were used verv ef-
fectively by John Paul Jones. But John
Paul Jones only participated in surface-
to-surface battles; he was never con-
fronted with the possibility of being be-
calmed at a moment when a torpedo
was opposite his amidships or a plane
was making a run across his bridge
—
:;ir and sub-surface attacks just didn't
exist. Today, however, the surface-to-
surface battles are history ; attack is cer-
tain to come from either below or above
the surface and without warning.
The central function of a ship's en-
gineering plant is to produce mechani-
cal work from thermal energy. In the
conventional shipboard installation, the
chemical energ\- of the fuel is converted
into thermal energy, while in the nu-
clear power plant, the nuclear energy of
the fuel is converted into thermal en-
erag}i'. Both power plants, however,
utilize steam to transfer this thermal
energy from the heat source (boiler or
reactor) to the turbines where it is con-
verted into mechanical energy which
propels the ship. This conversion of
thermal energy into mechanical energy
is also used to provide power for many
of the ship's vital services: steering,
lighting, ventilation, heating, refrigera-
tion and air conditioning, the operation
of electrical and electronic devices, and
the loading, aiming, and firing of the
ship's guns.
The steam-water cycle shown on the
opposite page indicates the essential
components of a modern shipboard
power plant. Notice that it is a closed
cycle, for the working fluid never le.aves
the cycle (except through accidental
leakage). Instead, the working fluid un-
dergoes a series of processes which are
of such a nature that the fluid is re-
turned periodicalh' to its initial state
and is then used again.
The boiler is the high-temperature re-
gion of the thermodynamic cycle. Since
it must produce a large amount of
steam, the steam generating surface con-
sists of hundreds of tubes, which pro-
vide a maximum amount of heat trans-
fer surface in a relatively small space.
Practically all naval boilers are de-
signed to produce both saturated and
superheated steam and for a very good
reason. Saturated steam (wet steam) is
used for operating most steam-driven
auxiliary machinery; reciprocating ma-
chinery, in particular, requires satur-
ated steam for the lubrication of the
moving parts of the steam end. Super-
heated steam (moisture free), on the
otherhand, is used almost exclusively
for the propulsion turbines since ( 1
)
there is more available energy in super-
heated steam than in saturated steam at
the same pressure, (2) the use of high
temperatures greatly increases the effici-
ency of the propulsion cycle, and ( 3
superheated steam causes relatively lit-
tle erosion or corrosion on the turbine
blades, since it is free of moisture.
Superheated steam, therefore, is the
medium which carries thermal energy
to the turbines where it is converted
into mechanical energ\' which turns the
propeller shaft and drives the ship.
However, the relationship between the
turbines and the shaft is not quite so
simple, for steam turbines must operate
at relatively high speeds for maximum
efl^iciency, while the propellers must op-
erate at relatively low speeds for peak
efficiency. The solution to the problem
is the insertion of a reduction gear imit
which transforms the high turbine
r.p.m. to a much lov.-er propeller shaft
r.p.m. thus allowing both components to
operate within their most efficient r.p.m.
ranges.
The steam now exhausts from the
low pressure turbine into the main con-
denser where it is cooled as it comes in
contact with tubes through which cool
seat water is flowing. The steam enters
the condenser at the top, and the water
(now called condensate) collects at the
bottom, below the tubes. The main con-
denser operates under a vacuum which
the air ejectors help maintain by remov-
ing air from it. In order to increase the
efficiency of the cycle, it is necessary to
increase the absolute temperature of the
heat source (the boiler) or decrease the
absolute temperature of the heat receiv-
er (the condenser)—in otherwords, to
increase the temperature difference be-
tween the tv.-o components. By main-
taining the condenser under a vacuum,
the condenser temperature is lowered
;
the temperature difference between the
heat source and heat receiver is in-
creased, and, therefore, the efficienc\
of the cycle is increased.
For the remainder of the cycle, en-
ergy is required to get the water (con-
densate and feed water) back to the
boiler where it will again be trans-
formed into steam. The energy used for
this purpose is the thermal energy of
the auxiliary steam. In the case of
steam-driven feed pumps, the con\er-
sion of thermal energy to mechanical
energ)' is accomplished in the same man-
ner as that in which the propulsion tur-
bine converts the thermal energy of the
main steam into mechanical energy.
Condensate pumps are either steam-
driven or motor-driven. When motor-
driven condensate pumps are used, the
energ>- conversion is from the thermal
energy of the auxiliary steam to electri-
cal energy (in a turbogenerator) and
then to mechanical energy in the pump.
After the condensate leaves the con-
denser, it is pumped through the air
ejector to the deaerating feed tank. This
tank removes air from the condensate,
heats it, and feeds it to the boiler as it
is needed. The feed booster pimip takes
suction from the bottom of the deaerat-
ing feed tank and discharges the water
(now called feed water) to the suction
side of the main feed pump, and from
there it goes to the economizer of the
boiler. In the economizer, the feed
water is further heated before it enters
the steam drum, at which time the
cycle is repeated.
This has been but a brief glimpse of
the engineering plant aboard a modern
naval ship, but it should give you a basic
understanding of what is responsible for
propelling thousands of tons of massive
metal through the water at speeds ex-
ceeding 30 knots. Without the lifeblood
of steam, a ship is a sitting duck on the
brink of annihilation. It is totally at
the mercy of the elements and the
enemv.
Reference: Principles of Naval Enc/i-
neering (XAVPERS 10788), Bureau
of Xaval Personnel, Washington, D.C,
1958.
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Brad Palmer demonstrates a model depicting the steam cycle. This elaborate
model lights various portions at a time to accompany his lecture. Models like
this one Brad built are tremendous teaching aids.
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A CAR IN EVERY
POCKETBOOK
By Charlton Jones, M.E., '62
^J car in every pocketbook may seem
like a ridiculous campaign slogan and
it iL-ould be. As a title for a short story
about economical driving I feel that is
quite fitting.—Editor
Want to learn how to save hundreds
of dollars? Sell your car and walk, or
follow these tips to economical driving.
Hambro Automotive engineers have
compiled facts to save brakes. batter>-.
tires. \our whole car and maybe your
life.
Give your brakes a bra^.k. When
using brakes, and especially when brak-
ing from high speeds, slow down gradu-
ally if possible. Don't hold your brakes
down for long periods of time—this
creates terrific heat which eventually
leads to "brake fade." It's far better to
brake with short bursts which also helps
to avoid skids. Switching into a lower
gear cuts down your speed, too. Of
course, this greatly increases engine
wear.
Don't brake while going around a
corner. Anticipate the speed in which
you can go through the comer and brake
prior to entering, ensuring that you're
in a gear which will enable you to ac-
celerate as you come out of the corner.
Jf'atch the five. Every driver has five
cars to worr}- about: his own. the one
ahead, the one behind, the ose approach-
ing, and the one pulling into the traf-
fic stream from the side. Watch them
and you won't add to the frightful toll
of killed and injured on our nation's
highways.
Let your foot save you money. Tests
show that a light and steady foot on
the accelerator can cut your car's an-
nual gas consumption by as much as one-
third. But don't trust to gadgets
—
they've generally proved worthless at
saving fuel. Vacuum gauges cost more
than they save. L se one if you wish but
don't rationalize your purchase on the
basis of economy. An automotive sur-
vey shows that you can soft-pedal the
annual gas and oil bill by about fifty
dollars if you go soft on the pedal.
Summerize by checking your battery,
engine oil and cooling system often,
since summer heat evaporates water
faster. When checking the battery of
BMC vehicles, see to it that the battery-
plates are just covered. Over filling
shortens the life of your battery. A spe-
cial bottle which ensures the correct
level is available at your local car agent.
Winterize early. In the fall, get either
a permanent or all-weather type anti-
freeze, plus a complete inspection over-
haul, which should include a change to
the right grade of oil.
Never race a cold engine. Idle a few
minutes after starting until the oil
warms up. In the snowy season, put on
chains by lining them up with the
wheels, and driving onto them. The
chains can then be pulled up over the
wheels.
When driving on snou- or ice. never
brake or accelerate violently. Use your
gears extensively for slowing down, and
do not brake on corners or when a
change of direction is anticipated.
Go easy on the tires. Too much speed
and incorrect pressure are t^vo ways not
to save rubber. Check your Driver's
Manual for the correct pressure.
If high-speed motoring is anticipated,
or you're carrying an extra heavy load,
it's permissable to raise that pressure
three to four pounds, not more. How-
ever, air should never be released from
the tires when pressure has risen due to
tire heat generated by high speed driv-
ing.
Sudden stops and starts, curb rub-
bing, neglected tread cuts.unbalanced
wheels, and bent or rusted rims are all
po t e n t i a 1 tire-killers. Common-sense
care, frequent front-end alignment,
and frequent rotation of all five tires
will add up to 60 per cent to the life
of your tires.
Wash 'uith care. Set the brakes when
washing your car, so that the shoes
pressing against the drums will prevent
water from wetting the brake linings.
Should water wet the linings while you
are fording deep water, drive your ve-
hicle with one foot on the accelerator
and the other on the brake. The friction
will heat up the lining and and evapo-
rate the water from the drum.
The best care that can be given to >
the finish of your car is frequent wash-
ing with plain warm water. A very
light v.-axing or polishing with a ma-
terial containing no abrasive gives 5"ou i
the added advantage of a slick surface •
\vhich is more resistant to scratching or
marring, but should not be overdone.
Remember that wax which is not
:
cleaned ofiF the paintwork is more harm--
ful than not waxing at all.
Lubrication. The lubrication of your-
vehicle is obviously of paramount im--
portance and should be carried out att
regular inter\-als. as specified in yourr
Handbook. Extra care in this direction
i
not only increases the life of your car,
.
but also makes it a far more pleasant
t
piece of machinery to drive. Many 6\'s
require much less frequent lubrications,
if any.
If you wish to carry out part of this
lubricating operation yourself, don't for-
get the lubrication of door handles, ven-
tilator and window hinges. When you
change motor oil, also be sure to change
your oil filter as often as prescribed in
your Handbook, using a factory-recom-
mended type.
// atch those spark plug danger sig-
nals. Always use the correct heat-range
spark plugs in your vehicle. Check the
color and condition of the plugs when
periodically cleaning them. This can
give you a good indication of the condi-
tion of the engine. Oily plugs, for in-
stance, may mean that the engine is
using oil. This may be happening past
the pistons or through the valves and
valve guides. A black plug indicates
that the mixture is too rich, while a
white one means that it's too weak.
One should aim for the happy medium
a light brown color.
Finally, no story on car maintenance
would be complete without a tip on
how to "maintain'' good relations with
that congenial man-in-blue, the traffic
cop. If you're flagged down on the high-
way, be courteous, apologize, and tell
your story honestly. Being rude will
only hurt your cause, and a soft an-
swer mav turn awav a traffic ticket
!
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IT'S HERE-IF YOU WANT TO WORK FOR IT"
Even before Ron Spetrino received his engi-
neering degree from Case he had good job offers
from six companies.
He joined The Ohio Bell Telephone Company
—his reason: "I was convinced an engineer could
go further here— if he was willing to work for it."
As soon as Ron got his feet on the ground
in telephone engineering, he was tapped for a
tough assignment. The job— to engineer switch-
ing equipment modifications needed to prepare
Cleveland for nationwide customer dialing of long
distance calls.
Ron WTapped it up in fiv^e months, and found
he had earned a shot at another tough assignment.
In this job Ron helped engineer a completely new
long distance switching center for Cleveland. This
switching center connected Cleveland with the
nationwide customer dialing network. It was
about a year later that Ron put the finishing
touches on the specs for this $1,600,000 project.
Today, as a Supervising Engineer, lion heads
a staff of five engineers and is responsible for
telephone switching in much of the greater
Cleveland area.
He supervises the design and purchase of $3
million worth of equipment a year. .And even
more important, he is charged with developing
the technical and managerial skills of his staff.
Ron knows what he's talking about when he
says, "In this business you have to do more than
a good job. We expect a man to be a self-developer.
We expect him to take responsibility from his
first day on the job and think for himself. You
don't get ahead around here by just doing time."
If you want a job in which you're given every
chance to prove yourself, and real responsibility
right from the start— you'll want to see your Place-
ment Office for further information.
"Our number one aim is to have in all
management jobs the most vital, intelli-
gent, positive and imaginative men we
can possibly find."
Frederick R. Kappel, President
American Telephone & Telegraph Co. BELL TELEPHONE COMPANIES
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there's room fo GO and
rV
. . . at SIKORSKY AIRCRAFT
A "stream-of-action" environment with unusual growth
possibilities should be a major factor in a choice of
career. And that's an excellent reason for considering
carefully the opportunities existing in Sikorsky Aircraft.
We believe that our company is just the "right-sized
stream". Young engineers can enjoy diversified, small-
group activities, as well as stature opportunities in a
field that is wide open to the expression of imagination
and professional competence.
Sikorsky Aircraft is the company which pioneered the
modern helicopter. Our current program is far-ranging
and is recognized as one of the broadest and most
challenging in the entire aircraft industry.
Work associations are stimulating and in an atmosphere
of progress. Assignments could include joining an elec-
tronic team of twenty to thirty associates—or—working
with a highly selective group of four or five on interest-
ing problems of radiation, instrumentation, auto pilot-
age, automatic stabilization , etc.
If you want to enter this "stream-oj-action" , the time is
now. Opportunities for personal progress have never
been greater.
For detailed information about careers with us. please
write to Mr. James L. Purtield, Employment Supervisor.
SlKORSKy AIRCRAFT
DIVISION OF UNITED AIRCRAFT CORPORATION
STRATFORD
CONNECTICUT
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The Dean's Page . . .
GRAD SCHOOL -FOR YOU?
By Dean H. L. Wakeland
In ii'cejit \e;irs, an c\er increasing
iiimiber of cngineerin!; graduates from
tin- L'niversity of Illinois lia\e continued
their education through graduate study.
Though the percent of engineers con-
tinuing formal education has increased
in the last few \'ears, there is still a
great need and an opportunity for nian\
more. The emphasis in engineering eilu-
cation has changed radically since its
beginning in the United States. At the
turn of the century, formal graduate
study in engineering was extremely
minute ami even frowned upon by a
large portion of members in the engi-
neering profession. When engineering
education was started in the United
States, it was designed to meet the im-
mediate needs of a growing nation. The
ideal engineering education program
was one which produced a graduate
proficient in engineering techniques and
methods, and educated in the basic
physical sciences. Today we attempt to
provide a sound background in physical
science and emphasize the more theoreti-
cal aspects of engineering studies in
hopes that industry will provide train-
ing in techniques and methods through
work experience. Since techniques and
methods were emphasized, it was nor-
mal to believe the best type of advanced
education was experience on the job. By
and large, the engineer was not consid-
ered to be an intellectual person and in
fact was not accepted as a part of the
intellectual circle in many universities.
These early engineers were probably
lacking in their knowledge of social
science and humanities, and perhaps
were not always the most diplomatic
nor ideal citizens. They gained wide ac-
ceptance though because of their pro-
ductive and creative abilit\ and their
willingness to tackle what appeared to
be impossible projects.
America's tremendous productive ca-
pacity and technical ability was demon-
strated to the world in World War II.
Since that time many other countries
ha\e looked to the United States for
engineering leadership and in man\
cases have attempted tr) pattern their
educational programs after those in the
United States. Prior to World War II
there had been a reasonable amoiuit of
cooperation between industry and engi-
neering education but the World War
II experience found the two much
closer. In the post-war \eais, industry
began to scout the campuses for engi-
neering graduates and to establish co-
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operative research ,ind developmental
programs with engineering colleges.
This bonil has continued to beconu'
stronger and stronger because industry
realizes the need for more advanced
theoretical approaches to their engineer-
ing problems. The colleges also realize
the \alue of the practical or realistic
approach used by industry. In addition,
the cooperative attitude between the
two helps us to define the future needs
of both industry and education. The
"space age" has re-emphasized the need
for advance theoretical eilucation, much
of which can be obtained onl\ through
graduate study.
At present, approximately 701) lioc-
torates are awardeil in the United
States each year in engineering and
tho\igh this is not a large luimber for
a nation such as United States, it is
roughly seven times greater than the
number of doctorates awardeil in 1940.
The number of students pursuing both
master's degrees and doctor's degrees in
engineering have nearly doubled in the
last ten years and is expected to double
again within the next ten years. In the
past, the master's and doctor's degrees
were considered as objectives for only
those persons interesteil in teaching.
Now, industry and governmental serv-
ices as well as educational institutions
eagerly seek persons with advanced de-
grees. The need and opportunity for
engineers with advanced education is
great.
/?
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THE ENGINEER ABROAD-
An Ambassador at Large?
By W. David Penniman, B.S.M.E.
(Past Editor of The Tech)
Woric abroad and find ad\eiiture,
romance, and high pay. At least these
are the benefits that the advertisements
use. There is another ingredient to be
found in an overseas job, which is often
overlooiced. That ingredient is the
chance to aid tlie L^nted States in im-
proving its foreign relations. Surveys
reported recently have shown that Uni-
ted States prestige in foreign countries
is not at its best. The engineer con-
templating an overseas job can help to
improve this prestige.
Our nation supposedh' wants to gi\e
a good standard of living and an in-
crease in personal freedom to inhabi-
tants of underprivileged countries. The
success of this helping hand, however,
depends largely upon the people we
send to institute our programs. These
Americans, carrying the mental and
physical resources of the United States
into action arovmd the world, are our
ambassadors at large. The engineer
abroad belongs in this category whether
lie wishes it or not.
Foreign countries utilize the engineer
in a number of ways. His technical ad-
\ ice may be sought for material im-
provements such as roads and dams. He
may be used by private industries to
further their profits. Finally, engineer-
ing educators are used to set up teach-
ing programs in the foreign countries.
With engineering colleges of their own,
these countries can supply technological
needs to be self-sufficient.
Even with the many jobs available
the type of person volunteering for serv-
20
ice abroad is often called a mercenary,
a missionary, or a misfit. This just can't
be so. But if it is, we are placing our-
selves in a dangerous position. While
the missionaries are helpful in many
opinions, the other two types do little
to aid the foreign relations of the Uni-
ted States. Our country needs people
who are willing to go abroad to do a
job and do it well. The pay will be
above average, but there will be hard-
ships also.
The person working abroad will sa\ e
money due to fringe benefits such as tax
free housing, post exchange privileges,
and excise-free luxuries. On the other
hand he will have to boil his drinking
water and soak his vegetables in iodine
or suffer the effects of dysentery. He
will be confronted with poverty such
as seldom seen in America, and lie must
get accustomed to the idea that labor is
cheaper than machinery. The job which
an engineer does can help all of these
situations, however.
The changes a person from the Uni-
ted States must go through when living
abroad create what is known as a "cul-
tinal shock." The newcomer can react
in two extremes. He can act as though
he never left the United States, and try
to convert everyone to his ways. This
approach amounts to talking down the
foreign country in the eyes of the na-
tives. They become resentful and what
little good the visitor might do is soon
hopelessly blocked. The American will
meet only a blank wall when his atti-
tude becomes known. A second approach
common to the newcomer is referred to
as "smuggling." The smuggler adopts
all the native customs. He dresses and
eats like the native. He tries to ap-
proach the people as a brother of the
same habits and background. He soon
finds that this approach doesn't result
in the desired eiiect, for he can never
completely naturalize himself. He finds
barriers still confronting him. The re-
action on the part of the newcomer is
usually one of bitterness. If he can't be
complete!) accepted at once, he loses all
interest in being accepted at all—even
as an American.
A happy medium seems the best solu-
tion. Above all, the American must
realize that the customs he sees haAC
been in effect for many years, and he
should not try to change them. After
all—he is the foreigner. Before making
any suggestions or giving advice the en-
gineer usually studies the situation i
thoroughly. This holds true as far as 8
customs go, also. The foreigner needs
to convince the native that he isn't try-
ing to create a Little America, but only
trying to improve the present country.
The person who comes home disil-
lusioned and bitter is usually the one
who tried to make all the changes. One
engineer who has served in foreign
countries extensively says, "Things will
be different—accept them. Tliev are
common to the people and ha\e been
for years. Why should our ways be
right for them?"
One of the first barriers that must
be broken is that of language. It is now
known that the Russians have had an
extensive language program covering
more languages and beginning earlier
than ours. New techniques have been
developed in the United States in an at-
tempt to instigate a crash program.
It is false that everyone who deals
with Americans abroad knows English.
Only those in a profession or high le\cl
business can be counted upon to know
English. This does not include police,
workers, and small merchants.
One Illinois professor who has
worked extensively in South America
believes strongly in knowing the lan-
guage of the people. "I remember once
where it made a great difference," lie
recalls. "My daughter was studying
Spanish culture in college and wanted
to take some pictures of a group of
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\()unu; woiiK-n. The\ were dressed in
celebration costumes with bright sashes
and colorfull) printed dresses. In all,
they presented a very pretty picture.
"When I asked them tor permission
to take their picture they were quite
hesitant. I believe they felt we were
laughing at them. \Vhen I explained
my daughter's interest, however. the\-
were quite happy to cooperate.
"This is just one example where a
person not knowing the language would
have taken the picture and let the girls
'jabber' in their native tangue. It is
this type of insult that can be avoided."
The same professor, because of his
knowledge of the Spanish language, was
able to make friends with a cab driver
who kept him up to date on the latest
developments in politics as well as build-
ings and other construction projects in
the area.
He heard the feeling of the Pana-
manians when the United States "al-
lowed" them to raise their flag at one
end of the canal. They felt it was a
rather small concession. The\ also felt
that most Americans in Panama had it
pretty "soft." While this kind of
knowledge may have no direct effect on
the work of the engineer, it will help
him to better imderstand the people
with whom he works.
With programs now in effect, it isn't
necessary to know the language previ-
ously. The person going abroad can
learn "on the job " if he wants to.
Another problem is that the Ameri-
can must face is that of change in time.
In America, 9:00 AM is an exact fig-
ure and an appointment at that time
means 9:00 A.M. In many other coun-
tries an appointment for 9:00 AM. may
not start until 9:45 or 10:00 AM. It is
usually clear when arranging an en-
gagement whether 9:00 AM. is our time
time or theirs. L nlike America, life is
not a race against the clock in nian\'
countries.
The way in which business is con-
ducted by the Asian, also, is more slow
and deliberate than in America. The
Asian won't attempt several things at
once, nor will he do business during
meal time. The educated Asian is usual-
ly a better exploratory thinker while
the American has more organizational
knowledge.
The engineer working abroad will
find many things in his favor. He will
be left alone to do his work with com-
plete freedom. Those for whom he
v.orks want to discuss his plans, but
only after the plans are completed.
On the other hand, the residts of
his plans may not be accepted prompt-
ly. But if he is to be succe.ssful, he must
do his work diligently and as perfectly
as possible.
The question still remains: "How-
does the work that an engineer does ap-
proach that of an ambassador?" The
engineer usually deals in tangible re-
sults. He is asked to serve as a consult-
ant on a road or dam that is being con-
structed, for example. The road or dam
will (or should) serve the people di-
rectly. Therefore, the way in which the
engineer does his job has a direct ef-
fect upon the people and a direct re-
flection upon .America. .\o ambassador
could ask for a better chance to increase
good will. Nor should the engineer ig-
nore the effect if his project fails. There
are other engineers (from other coun-
tries) who want the chance to show
how much more friendly their country
is.
A recent novel, I'/u- I'yly Aimrutui
.
by W. J. Lederer and Y.. Hurdick, men-
tioned a super highway constructed by
the Lnited States in a foreign country.
The chief means of transportation in the
country, however, was the bicycle. .A
well paved path would have been as
helpful. These authors contend that the
L nited States is giving the wrong kind
of help when help is given. The coun-
try must be prepared gradually for the
changes of technology. They must be
made self-sustaining or all the help we
give is useless. That was why the Ugly
American, an engineer for whom the
novel was named, made suggestions for
improvements the people could do them-
selves. When the people need highwaxs
—build them, he said, but not before.
R\' the time highways are needed in
the country, the people would have the
skill to help in the construction. This
would make them feel a part of the
work, and perhaps the greatest part. In
the words of the lyly American.
"Whenever you give a man something
for nothing, the first person he comes
to dislike is you.
"
The Vffly American was fiction, but
he was based upon dozens of real char-
acters. The blunders he observed were
based upon real blunders.
Thus, a new mode of thinking
e\olves. The engineer must relate his
work to the people and their culture,
as a good architect designs a house with
consideration for the owner.
In many cases it is not so much the
result that a man produces, but the per-
sonality which he possesses. In Asia
this emphasis seems to holil true in al-
most all cases. It is part of their culture
to consider human feelings before tan-
gible gains. For this reason the Ameri-
can is at a disadvantage. He is u.sed to
being judged by his results, not by the
toes he steps on to get the project com-
pleted. The Asian prefers an acceptable
personality and perhaps fewer highways
and dams.
As a prospective engineer you can see
that the overseas assignment is no simple
task. There are many facets to the job.
\'our work will be weighed, but so will
your actions. The effects of your work
may be more far reaching than you e.v-
pect. For this reason you must consider
more than the tangible product of your
work. The attitude which you take if
you have a chance to work overseas is
cxtremch important. .Xmericans who
have gone abroad to solely builil "dams
and bridges" have returned as failures.
Just as important, niany sincere and
sympathetic Americans who have gone
abroad to help "the underprivileged"
have returned wondering where they
failed.
.Man\ men who have g(»ne to work
on foreign soil with certain prejudices
buried in their minds say that the na-
tive was able to perceive these preju-
dices. Although a man is bare footed
and wears a beard doesn't mean that he
is any dumber than you are. In fact,
he ma> well be surprised at your slow-
ne.ss in discussing politics.
This suggests another point that is
good to keep in mind in preparing to go
abroad. Before studying the foreign
country extensively, make sure you
know about your own country. You arc
the typical American as far as the na-
tive of another country is concerned,
and what you know or don't know re-
flects directly upon your country.
The people of the Kastern world feel
that the WVst has dominated them—by
\iolence, not intelligence. The East docs
not rebel against exploitation as much
as "uppishness." That is why they are
now throwing out Western rulers. The
Easterner would like to have automo-
biles, telexision sets and telephones, but
he doesn't feel the.se objects are a sign
of superior culture.
If you do decide to work overseas,
you will have to make .some mental and
physical adjustments. The pay will be
good. The opportunity to exploit your
position will be good. But, so will the
opportunity to do something very help-
ful to the relationship between the Uni-
ted States and tho.se countries which
we are trying to befriend. As the Asian
belie\es, big changes and actions are
not required; but the ability to work
with people and yet leave them with
.self respect is important.
For more information on this topic
consult:
Cleveland, H., .Mangro\e, tierald J.,
and Adams, John C The Overseas
A merieans. New York : Fau'cett World
Library, 1960.
Lederer, William J., and Burdick,
Eugene. The I't/ly American. New
York: Fawcett \Vorld Library, 1960.
Freund, C. H. "If You Are (loiiig
Out to Asia," J'he Journal of Enyineer-
intj F.ilncation. Wq\. 50, .No. 9 (May,
I9WI), pp. 71.M,S.
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NUCLEAR PROPULSION
(Continued from Page 12)
gine compressor, and «"as exhausted
through the jet nozzle to the Initial
Engine Test Facility's exhaust - gas
system and up through a 150-foot-high
stack.
In one type of operation, the engine
was started on chemical fuel. As air
from the compressor flowed through the
reactor, the reactor was slowly brought
up to power, adding heat to the air-
stream in gradually increasing quanti-
ties. In order to maintain a constant air
temperature at the turbine inlet, the
heat added to the aid by the combustion
system was gradually diminished until
the engine was operating entirely on nu-
clear power.
In January, 1956, the engines were
mated to the reactor, and the experiment
was perfonned successfully on nuclear
power—as far as is known, this was the
first time an aircraft engine had ever
been operated by nuclear power. Later
in 1956, a second assembly was placed
in the test facility for exploratory shield
tests. Reactivity experiments were con-
ducted and measurements made to se-
cure shielding information on the at-
tenuation and spectrum of the radiation
from cores of the type designed for air-
craft propulsion.
In the third series of HTRE-1 tests
from September, 1956, through Janu-
ary, 1957, the turbojet engine was oper-
ated completely on nuclear power for
100 hours without failures of any type.
HTRE-1 was later modified to
HTRE-2 for use as a test reactor for
investigations of high-temperature fuel
elements and moderators. The HTRE-
3, the first aircraft-type reactor of hori-
zontal configuration, entered a series of
power tests in late 1959.
Development of the indirect-eyele ap-
proach is being carried out under com-
mission contract by the Pratt and Whit-
ney Aircraft Division of United Air-
craft Corp.
The indirect cycle, unlike the direct
cycle, uses a primary coolant, such as
liquid sodium, to transfer the heat from
the reactor to the air inside the engine.
The indirect cycle has an advantage in
that sodium has much better heat-trans-
fer properties than air, and is much less
corrosive at high temperatures ; the re-
actor can be made much smaller, and
therefore with lighter shielding than a
reactor of the same power level heating
the air directly. Also, there is no in-
duced radioactivity in the air (Argon-
40) and le,ss chance of radioactive fis-
sion products leaking into the airstream.
On the other hand, the sodium cycle is
much more complex than the direct air
cycle, and is less efficient. The air cannot
be heated to as high a temperature in
the indirect cycle as in the direct cycle.
The indirect cycle will probabh' find
most use in multi-engine aircraft, where
several turbojet or turboprop engines
are to be operated from one reactor.
The direct cycle will probably be used
for aircraft using one or two engines,
and for those designed for very high
speeds.
The major problem in nuclear air-
craft design is to decrease the weight of
shielding to as low a value as possible.
Methods for attacking this problem in-
clude the ''shadow shield" and "divided
shield " concepts.
In the concept of shadow shielding,
advantage is taken of the fact that most
of the radiation emitted by the power
plant travels in straight lines, and there-
fore the shielding weight can be great-
ly reduced by shielding only that part
of the reactor directly in line with the
crew cabin. This can be used only for
shields designed to stop gamma rays,
since neutrons, if allowed to escape from
the reactor, will induce radioactivity in
the structure of the aircraft. Fortunate-
ly, neutron shields can be made of light
materials such as lithium-6 and boron-
10, which have high neutron absorption
cross sections and which do not become
highly radioactive. On the other hand,
gamma ray shield effectiveness is direct-
ly proportional to the density, so that
there is no direct way of getting around
the weight problem in this case. Some
additional gamma shielding in addition
to line-of-sight shielding is required, be-
cause of radiation scattering by the air-
craft structure, the air, and the ground.
In the divided-shield concept, use is
made of the fact that the shield is not
lightest when all of it is at the reactor,
or when all of it is at the crew cabin,
but when about 10',' is at the cabin and
90' ; at the reactor.
A second major problem in the de-
velopment of nuclear aircraft reactors
is that of high temperatme resistance.
The air which is supplied to the turbine
of a turbojet engine is at a tempera-
ture of 1000-1200-F. In order to heat
the air to these temperatures, a reactor
temperature of about 1500"F is re-
quired. There exist many materials
which cannot withstand such tempera-
tures, or else possess high neutron ab-
sorption cross sections, making them un-
suitable for use in reactors. This is par-
ticularly critical in the nuclear-powered
ramjet, which must operate at much
higher temperatures (2000 - 3000° F.)
since they must fly at higher speeds than
do turbojets. At the present time, there
are several new materials which look
promising, such as ceramics, ceramic-
metal combinations (cermets), and new
high-temperature alloys.
Project Pluto is pointed toward dem-
onstration of the feasibility of using a
nuclear reactor as the heat source in a
ramjet engine. Reactor work is under
the direction of the Commission's Law-
rence Radiation Laboratory at Liver-
more, Calif., with support on materials
research supplied by the Atomics Inter-
national Division of North American
Aviation, Inc. The Marquardt Co. is
under Air Force contract to provide en-
gineering assistance to the laboraton^
and to develop certain non-nuclear com-
ponents associated with the tests of the
Livermore reactors.
The first test reactor, Tory II, was
successfully tested in 1960. It is to be
the forerunner of an unmanned nuclear-
ramjet missile which will be able to
fly at four times the speed of sound at
treetop level, out of reach of radar, for
days at a time.
The development of the nuclear rock-
et principle of propulsion will provide
the excitement and challenge of apply-
ing the enormous power of nuclear en-
ergy to the new field of space explora-
tion. Recognizing the possible potential
of nuclear rockets, the Air Force ex-
pressed to the AEC an interest in the
development of such a rocket more than
three years before the first "sputnik."
From this requirement. Project Roi'er
was initiated to demonstrate the feasi-
bility of applying nuclear energ>" to
rocket propulsion. The first experimen-
tal reactor, designed and constructed by
the Los Alamos Scientific Laboratory,
and named ''Kiwi-A" after the New
Zealand bird that couldn't fly, was suc-
cessfully tested at Jackass Flats, Ne-
vada, in the summer of 1959.
Kiwi-A was followed by Kiwi-A
Prime, designed for high-temperature
testing. This, in turn, was followed by
Kiwi-A3. The purpose of this series of
test reactors is to explore problems in-
volved in achieving high power density,
to develop materials capable of with-
standing high temperatures, and to in-
vestigate new concepts for conversion
of nuclear energy into useful propidsion
forms. In 1958, the work was trans-
ferred from Air Force sponsorship to
the National Aeronautics and Space Ad-
ministration, with AEC being respon-
sible for all nuclear components.
In the nuclear air-breathing engines,
air is taken into the reactor, heated to
a high temperature, and ejected from
the rear of the engine to produce for-
ward thrust. The nuclear rocket oper-
ates on the same principle, except that
the working fluid is carried in liquid
form in tanks aboard the rocket. Since
this is the case, one might ask what the
advantage of a nuclear rocket woidd be,
since one would have to carry liquid
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piopellant aloiij;. just as in tht- clu-mical
rocket.
In a chemical rocket, fuel is burned
with an oxidizer to produce high tem-
perature gases, which, when expanded
through a nozzle, produce forward
thrust. The thrust produced is given by
Newton's Second Law as F = ni v,.,
where m is the mass rate of fuel con-
sumption, in pounds per second, and v,.
is the jet velocity. Obviously, the fu?l
consumption for a given thrust will be
reduced if we can increase the jet ve-
locity. It can be shown by the First
Law of Thermodynamics ( See Fig. 9
)
that the jet velocit\' is proportional to
the square root of the chamber temper-
ature, and inversely proportional to the
molecular weight of the exhaust gases.
Therefore, an increase in the chamber
temperature and or a decrease in the
molecular weight of the exhaust gas
will lower the fuel consumption, or in-
crease the sfxiific iiii pulse (pounds of
thrust per pound of fuel consumed, per
second )
.
The maximum temperature attainable
from chemical combustion is roughly
10,000- F. The melting points of all
common materials, howe\er. are below
7,000^. Therefore, we cannot hope to
operate a nuclear reactor powerplant at
anything like the maximum temperature
attainable from chemical combustion
using present techniques. The leason
for this is as follows: when chemical
propellants are used, the chamber and
nozzle walls can be cooled to tempera-
tures far below the flame temperature
of the propellants. Even with the hot-
test-burning fuels, wall temperatures do
not exceed 1000°, because the fuel is
used to cool the walls before being in-
jected into the chamber. In a nuclear
rocket, however, the reactor structure
must be hotter than the gases in the
chamber, since the heat transfer is from
the reactor to the propel 1 ant, not vice-
versa. Therefore, the maximum operat-
ing temperature attainable in a solid-
core rocket reactor is in the neighbor-
hood of 5000°F.
However, when we investigate the
molecular weights of the propellants
used, the story changes completely.
There is a lower limit to the molecular
weights of the exhaust gases in a chemi-
cal rocket, due to the fact that the ex-
haust must contain atoms of the oxi-
dizer, the lightest of which is oxygen,
with an atomic weight of 16. In the
nuclear rocket, however, very light
gases such as hydrogen ( molecular
weight = 2) can be used, since no oxi-
dizer is required. For example, a rocket
burning oxygen and hydrogen to water
vapor (molecular weight 18) at a cham-
ber temperatui'e of 3000° F. would have
a specific impulse of about 32(1 lb-sec
lb. A nuclear rocket heating hydrogen
(Continued on Page 40)
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EQUIPMENT ARRANGEMENT WITHIN CONTAINMENT
® HEAT EXCHANGER 2 LET DOWN CCXH-ERS
(3i STEAM DRUM 4 CONDENSING TANK
« CONT DRAIN TANK 6 PRESSURIZER
Qj CHECK VALVE 8 PUMP 9 GATE VALVE
Plan view of ihe N.S. SAVANNAH's reoclor system arrangement within the containment vessel. All primary
equipment, except the reoctof vessel and pressurizer, is instolled in duplicote. This design represents one
of the most odvonced, yet conservotive pressurized woter reoctors in existence. The SAVANNAH wos butit
by the New York Shipbuilding Corporotion as a joint project of the Atomic Energy Commission ond the Mar.
itime Administrotion.
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Wliat Tvould YOU do
as an engineer
Development testing of liquid hydrogen-fueled rockets is cor
ried out in specially built test stands like this at Pratt i
Whitney Aircraft's Florida Research and Development Center
Every phase of an experimental engine test may be controllec
by engineers from a remote blockhouse (inset), with closed
circuit television providing a means for visual observation
'patt & Wlaitney Aircraft?
Regardless of your specialty, you would work in a
fa\orable engineering atmosphere.
Back in 1925, when Pratt & Whitney Aircraft was
designing and developing the first of its family of
history-making powerplants, an attitude was bom—
a
recognition that engineering excellence was the key
to success.
That attitude, that recognition of the prime impor-
tance of technical superiority is still predominant at
P&WA today.
The field, of course, is broader now, the challenge
greater. No longer are the company's requirements
confined to graduates with degrees in mechanical
and aeronautical engineering. Pratt & Whitney Air-
craft today is concerned with the development of
all forms of flight propulsion systems for the aero-
space medium—air breathing, rocket, nuclear and
other advanced types. Some are entirely new in
concept. To carry out analytical, design, experimental
or materials engineering assignments, men with
degrees in mechanical, aeronautical, electrical, chem-
ical and nuclear engineering are needed, along
with those holding degrees in physics, chemistry
and metallurgy.
Specifically, what would you do?—yowr own engi-
neering talent provides the best answer. And Pratt
& Whitney Aircraft provides the atmosphere in which
that talent can flourish.
For further information regarding an engineering
career at Pratt & Whitney Aircraft, consult your col-
lege placement officer or write to Mr. R. P. Azinger,
jEngineering Department, Pratt & Whitney Aircraft,
iEast Hartford 8, Connecticut.
At P&WA's Connecticut Aircraft Nucleor En . >. , j-
oratory (CANEL) many technical talents ore focused
on the development of nuclear propulsion systems for
future air and space vehicles. With this live mock-up
of o reactor, nuclear scientists and engineers can
determine critical mass, material reactivity coefficients,
control effectiveness and other reactor parameters.
Representative of electronic aids functioning for P&WA
engineers is this on-site dota recording center v*hich
can provide automatically recorded and computed
data simultaneously with the testing of an engine. This
equipment is capable of recording 1,200 different
values per second.
Studies of solar energy collection and liquid and vapor
power cycles typify P&WAs research in advanced
space auxiliary power systems. Analytical and Expen-
mentol Engineers work together in such programs lo
establish end tesf bosic concepts.
PRATT & WHITNEY AIRCRAFT
Division of United AircrofI Corporolion
CONNECTICUT OPERATIONS - East Hortford
FLORIDA RESEARCH AND DEVELOPMENT CENTER - Polm Beach County, Florldo
ALLEN F. DONOVAN
EDWARD J. BARLOW
lEMOSPACE
COBFORATION
present genuine challenge to scientists
and engineers of demonstrated competence
"To preserve our free instiliilions, it is
absolutely essential that the United
States find the nu^st effective means of
advcmcini; the science and technology
of space and also of applying them to
military space systems. This is the mis-
sion of Aerospace Corporation'.'
Ivan A. Getting
President
Aerospace Corporation
In accomplishing its mission, this non-
profit public service organization per-
forms the unique role of space systems
architect. Aerospace Corporation pro-
vides scientific and technical leadership
to the science/ industry team responsi-
ble for developing complete space and
ballistic missile systems on behalf of
the United States Air Force.
Specific responsibilities of the new
corporation include advanced systems
analysis, research and experimentation,
initial systems engineering, and gen-
eral technical supervision of new
systems through their critical phases.
The broad charter of Aerospace
Corporation offers its scientists and
engineers more than the usual scope
for creative expression and significant
achievement, within a stimulating
atmosphere of dedication to the public
interest.
Aerospace Corporation scientists
and engineers are already engaged in a
wide variety of specific systems proj-
ects and forward research programs,
under the leadership of scientist/
administrators including corporation
president Dr. Ivan A. Getting, senior
vice president Allen F. Donovan, and
vice presidents Edward J. Barlow,
William W. Drake. Jr., Jack H. Irving,
and Chalmers W. Sherwin.
Immediate opportunities exist for MS
and PhD candidates completing require-
ments in engineering, physics, chemistry
and mathematics, and interested in:
• Theoretical physics
• Experimental physics
• Inertial guidance
• Propulsion systems
• Computer analysis
• Applied aerodynamics
• Space communications
• Infrared engineering
• Applied mathematics
• High temperature chemistry
• Microwaves
Those qualified and experienced in
these and related fields arc urged to
direct their resumes to:
Mr. James M. Benning, Room 132
RO. Box 95081, Los Angeles 45, Calif.
A new and vital force
AEROSPACE CORPORATION
engaged in accelerating the advancement of space science and teclmology
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Is Technical Writing
the Career for Yon ?
By John Tascher
Dick is a typical technical writer. He
works for an electronics manufacturing
company. His job consists of writing in-
structional material for the technicians
who operate and maintain complex elec-
tronic equipment. Dick is an engineering
graduate who likes to write. He has the
ability to explain the involved tech-
nolog\- in terms which can be under-
stood by the less highly trained person.
Specifically, he studies the equipment
and di.scusses its functions with the de-
velopment engineers before proceeding
to write his text. Since Dick works on
a large stafiE. he does not take time to
refine the text and illustrations. These
tasks fall to the technical editor. The
editor edits the text and illustrations and
has the material typed, proofread, print-
ed, and bound in suitable form. Dick
hopes to become an editor in a few
years.
There are some of you who have the
interest and the aptitude to develop pro-
ductive and rewarding careers as techni-
cal writers. Do you enjoy electronics,
mechanics, and other technical subjects?
Do you like to read, talk, and write?
Do you like to get around and meet
people? If you do, maybe you should
consider going into technical writing.
The technical writer, in general, is a
writer who creates instructive or des-
criptive material on technical or scien-
tific subjects for a given audience. His
duties usually include the research and
organization of material, preparation of
the manuscript, editing, and proofread-
ing.
Technical writing is a good field to
get into becau.se: (1) good technical
writers are very much in demand; (2)
salaries are good, advancement rapid ;
(3) the work is interesting.
Demand. Because of the tremendous
expansion of science since World War
n, there has been a great demand for
technical literature. There arc nearly
2000 trade and scientific magazines de-
signed to meet the needs of 150 differ-
ent fields in business and industry. This
demand for technical literature has led
to the need of specialists in technical
writing. The increasing complexity of
engineering points to an even greater
need in the future.
Obtaining qualified technical writers
has long been a major difficulty for
employers in industry and government.
It is not e.'isy to find people with a com-
bination of technical and literary inter-
ests. Lack of knowledge of the profes-
sion, inadequacy of college and uiu'vcr-
sity curricula pertaining to technical
writing, and the rather haphazard meth-
od of obtaiiu'ng experience have been re-
sponsible for the scarcity of trained and
interested personnel.
The Aeronautical Publication De-
partment of the Sperry Gyroscope Com-
pany says that there has been a heavy
demand for technical writers, that they
continue to be in short supply, and that
the chances of hiring enough personnel
will be quite small for some time to
come. The situation is well illustrated
by the many ads in major U. S. news-
papers in recent years. Read the Sun-
day want-ad page of any large metro-
politan paper—the Neiv York Times.
for example, or the Chicago Tribune—
and note how many ads there are for
technical writers, publication specialists,
and technical editors.
Salaries. Because of this great de-
mand for the technical writer, he can
expect a far from meager financial re-
turn. The starting salaries are good
e\-en for trainees without writing ex-
perience. According to an extensive sur-
vey conducted in 1959 by Keith Lent-
ner, a L niversity of Illinois student in
Electrical Engineering at the time,
about 65 ^f of the companies he queried
indicated that technical writers are paid
as well as engineers and scientists with
equivalent degrees. This condition is
especially true if the writer has an en-
gineering degree. A college graduate can
start at $6500 a year. An experienced
writer can get S8000 a year and up, ac-
cording to want ads. .A.11 editor or pub-
lication director can easily make a sal-
ary of SI 0,000 or more. According to
a reply from the National Aeronautical
and Space Administration dated Octo-
ber 24, 1960, the present salary range
for Civil Service writers is from $4345
per \ear tor trainees to >in,oJ'' per
year for supervisors.
Advancement. .Advancement oppor-
tunities are good because the field is
relatively new and expanding. Writers
may advance into managerial positions
or may take on more choice writing
assignments. Advancement possibilities
are promising for those who wish to
transfer into such areas as sales, techni-
cal advertising, publicity, information
service, and publishing.
Intercslint/ Work. Possibly the best
thing about technical writing is that it
is very stinuilating. The writer has a
variety of interesting and challenging
assignments. In most cases, he does not
spend long periods of time working on
a single item as many engineers do. The
writer meets and works with all types
of people. He may work with anyone
in the company from executives down
to shop men, or with some of the world's
great scientists. Many get to travel to
restricted re.search and development
centers around the world. The writer is
on the ground Hoor with respect to new
developments. Seeing work in print and
travel are often mentioned as pleasant
aspects of technical writing.
Of course, all jobs have their un-
pleasant moments, and technical writ-
ing is no exception. The two most un-
pleasant aspects are, perhaps, the meet-
ing of deadlines and the difficulty of
getting information from unco-opera-
tive people. Proofreading, program can-
cellation, delays and frustrations, and
in some cases, routine report writing are
often cited as unpleasant.
What The Technical Writer Does
To help you decide whether you
might be interested in the field, let us
consider what the technical writer does
and how you could prepare to become
a technical writer.
The technical writer compiles tech-
m'cal papers and reports, detailed speci-
fications in contracts, instructional man-
uals, and advertising material. He
translates and explains scientific mat-
ters to the industrialist, technician, and
other laymen who put science to practi-
cal use.
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Walter James Miller, the coordina-
tor of the basic program in English and
writing at the New York University,
says that a technical writer may write
tnr five different types of organizations.
(1) He may be in a publication de-
[lartment of an engineering firm like
IBM or Douglas Aircraft. (2) He may
write for an agency which takes on
writing and publication assignments for
those engineering firms that do not hire
their own writers. (3) He may work
for a publishing house which puts out
technical magazines and books such as
McGrav.-Hill or Zic-Davis. (4) He
may write for the NASA or other gov-
ernmental agencies through civil serv-
ice. ( 5 ) He may write free lance.
Within the-e fi\e t\ pes of emplo\'-
ment, his work mav consist of one or
more of the followin'i three functions:
( 1 ) preparation of instructional books,
technical brochures, service manuals,
and news releases; (2) editing and re-
writing research and development engi-
neers' reports
; ( 3 ) preparation of ad-
vertising and promotional literature. In
an organization which employs many
writers, the writer probably specializes
in one of the three areas. A writer for
a smaller staff may work in all three
areas.
Much of the writers' time is spent
in writing manuals, brochures, and
news releases. On each assignment he
goes through four pha.ses of work: re-
search, writing the first draft, revision,
and publication. Let us say the writer
is assigned to write an instruction man-
ual for the operation of an electronic
computer. The writer first does research
by reading everything pertinent to elec-
tronic computers. These include pub-
lished materials such as old manuals,
handbooks, brochures; and unpublished
materials such as supervisory directives,
memos, and engineers' notes and reports
in the company files. He then interviews
everybody who can give him any help.
He will talk to engineers who designed
and developed the computer, and to
technicians who know the practical side.
The writer often observes the operation
of the computer himself. During all
this work he takes notes on the subject
matter. After he has obtained an under-
standing of the computer, he is ready
to write the first draft.
After he writes the rough draft, he
sends copies of the draft to everyone
concerned: engineers, technicians, pat-
ent lawyers, customer representatives,
and the editors. The writer has confer-
ences with these people and he carefully
considers their suggestions and critic-
isms. The writer now revises and re-
writes the material to include sugges-
tions and changes. Required illustra-
trations and tables are inserted into the
manuscript at this time. The final draft
is now ready for publication. Through-
out the entire process, the writer is re-
sponsible for the ultimate quality of
the publication. Artists, draftsmen, and
typists all look to the writer as the su-
pervisor.
The second general area of .ictivity in
technical writing involves the editing
and rewriting of reports. The writer
must gather and write material from
those who have done the research and
development, and present it in a logical,
easy to read fashion to the audience for
which it is intended. Consider the manu-
facture of a ballistic missile. At certain
intervals during the research and devel-
opment, a progress report must be is-
sued. The report must sum up and
evaluate a period of work on the proj-
ect. The design and development engi-
neers and scientists have not the time
and, in many cases, the rhetorical ability
to write such reports. The technical
writer tells management and others in-
terested, how the missile program is
coming along. The reports also com-
municate information and professional
interpretation to other departments
within the company which are working
on the missile. For example, the elec-
tronics research and development sec-
tion may send a report to the power
plant section. The report may tell the
power plant people to develop a pro-
pulsion unit with certain specifications.
There are also final reports on the
finished project, examination, investiga-
tion, inspection, and recommendation
reports. One difficulty encountered with
all types of reports is that the level of
training and education varies from read-
er to reader. The stockholder, the
executive, the chief engineer, and the
client each want a report which is on
his level of understanding. In each case,
the emphasis, the depth of technical and
theoretical treatment, and the language
must suit the type of reader and his
needs.
In the third general area the techni-
cal writer tries to sell products or ideas
through advertisements, press releases,
and other communicative devices. He
may prepare brochures of one to fifty
pages long that deal with specific prod-
uts or systems. He may issue press re-
leases of technical developments to
newspapers and magazines.
Qualifications of a Technical Writer
If you want to be successful in this
type of work, \ou must have interest
and ability in technical subjects and in
communication skills. Chances of suc-
cess in this field seem to be best if the
writer has an engineering degree. Ac-
cording to the survey conducted by
Keith Lentner, most employers agree
that the qualifications of a good techni-
cal writer include an engineering edu-
cation, skill in journalism, imagination,
diplomacy, and an artistic .sense for
planning publication layouts. Engineer-
ing students who are planning a writing
career should take as many writing
courses as they can. English, manag.-
ment, and public speaking would aKii
bi- very helpful.
At the L niversity of Illinois there
are several avenues of approach to a
writing career. One possibility is the
general engineering curriculum with the
technical publications option. This op-
tion allows the student to take 12 horns
in journalism and other helpful courses.
Those who want to write primarily in
a specialized engineering field such as
electrical or metallurgical engineering
should take a degree in that specialized
engineering curriculum and take help-
ful courses as electives. Such electives
might include General Engineering 216
(Engineering Reports) and 304 (Pro-
fessional Expression), Journalism 204
(Typography) and 326 (Magazine
Article Writing), and Rhetoric 151
(Business Letter Writing). It is pos-
sible for the engineering student to do
graduate work in technical publications.
Rensselaer Polytechnic Institute in
Troy, New York, has an excellent
graduate program for the technical
writer.
Along with the educational require-
ments are necessary personal attributes
such as tact, neatness, perseverance, in-
tellectual curiosity, and most of all,
ability to get along with people.
So, if you enjoy technical subjects, if
you like to read and write, if you like to
meet and work with people, and if you
have the described educational and per-
sonal requirements, the technical writ-
ing profession may be the field for you.
Circular Slip Stick
General Industrial Co., has started
production on a handy Circular Slide
Rule for engineers and for other plant
and office executives. Any executive who
must perform simple calculations will
find this convenient, pocket-size calcu-
lator extremely useful in his work.
Operation of the rule is simple and
the results are accurate. To multiply,
divide and find proportions is easy and
exceptionally fast with this convenient
circular rule. Complete easy-to-follow
instructions will be included with each
slide rule.
For your free Circular Slide Rule
write on your business letterhead to
General Industrial Co., 17S8J Mont-
rose Ave., Chicago 13, Illinois, and be
sure to mention the name of this maga-
zine. To those of our readers who do
not qualify as an engineer or other busi-
ness executive to receive a free slide rule
General Industrial Co., will be plea.sed
to send one for 50c.
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Tan Beta Pi Essay.
.
.
THE LAZY AMERICAN
By Robert J. Pfeifer
Much iiuitcrial very tvortli reading if
prodiiicd every year. One of the very
best sourees of this materia/ is Tail Beta
Pi. national engineering honorary. Be-
sides possessing high grades a pledge
must icrite a non-teehnieal essay which
is put into competition iiith the other
pledge uritings. This particular paper
lias also entered in the Greater Interest
in Government Essay (Contest uhich is
also sponsored hy Tau Beta Pi. Read
on to find out hoie ilc may he looked
upon in the future.
Durinj: the past decade, a number of
authors have attempted to construct a
picture of the typical American as seen
by other members of the world com-
nuinity, picture in the very title of the
work. Thus Graham Green developed
The Quiet American: William Lederer
and Eugene Burdick. The I'gly Ameri-
can. Rut to another American, the most
descripti\e epithet for the typical Ameri-
can is "lazy."
Yes. today that once-great nation,
the United States of America, is in-
habited by a strange breed of homo sa-
piens: the Lazy American, Americanus
lazius. To be sine, the Lazy American
that lives across the street is probably a
subspecies of Americanus lazius. Per-
haps he is the Lackadaisical American
... or the Lethargic American ... or
the Listless American.
It is the \ear J^IIO A.D. It is com-
mon kno\\-Iedge that "A.D.", anno
Dfiiiiini. refers to "the year of our
Lord"—but only a handful of men
know much about "our Lord."
This year an anthropologist has pub-
lished an obscure paper, a paper known
but to a small group of scholars well
versed in history. Translated, the paper
is entitled, "The Decline of a De-
mocracy—the Saga of the Lazy Amer-
ican." It is a description of the manner
in which the L'nited States of America
was destroyed from within. The anthro-
pologist's report begins:
"More than se\en hundred years ago
a republic emerged from the vigor and
vitalitN of a people who had extracted
a life from the wilderness of an un-
known continent. Two hundred and
twent\ years later, in the year 1995, thi.-
repubjic ceased to exist as a political
entity. The United States of America
decayed from within due to the strang-
est affliction to befall homo sapiens in
all history—nation-wide lethargy-.
".'\pparently the comforts and easy
life resulting from a half centur> of a
highly industrial and mechanical society
softened the once-vibrant American
spirit. The typical American of the 6()'s
found incomprehensible the complexi-
ties of civilization. In the papers he read
of seemingly incredible technological ad-
vances. The t>pical American was
amazed. Practically every phase of his
e\eryday life, even the aesthetic and
cultural phases, were subjected in some
way to the new science. The typical
American could understand little of the
new science which .seemed to govern
ever more of his life. Yes, he felt
amazed, and somehow oppressed. Rut
the new science afllicted him in another
wa>". During the 6()'s the vast reaches
of the cosmos were searched bv the first
astronomical devices orbiting the earth
;
the typical American was overwhcime.l.
In addition, advances in the biological
and medical sciences permitted the
"population boom." .And economically,
it was a decade of previously unknown
specialization. Inevitably these condi-
tions, among others, developed a com-
mon attitude of insignificance of the
value of the individual.
"Such an attitude developed into an
attitude of futility, and finally lethargy.
-After all, in such an age, what could
the actions of an individual do to alter
the flow of events? .At the same time,
policies of "full employment" were en-
acted by the dominant political powers.
As a result, a feeling of security, oddly
coupled with insignificance, flowed into
the people of the nation. It seemed to
make no difference what an individual
should do. And so the typical individual
did nothing. The Lazy American had
evolved.
"In the early 9()'s a crisis was
reached. As a result of the attitude of
lethargy, a shortage of qualified and
con.scientious men for positions of re-
sponsibility in science, education, indus-
try, and government existed. Further-
more, the president of the nation at the
time was not a man of strong charac-
ter and erfluent \itality. As a result the
election of 1902 found a handful of
candidates running for president, and
less than ten per cent of the four hun-
dred million inhabitants of the republic
caring enough to express their prefer-
ences by voting. \o candidate ap-
proached a majorit)'; three of them
claimed a plurality. The events of the
next iew years moved v.ith swiftness
,ind finality—civil war, political chaos,
gradual absorption by the surrounding
nations. The I nited States of America
ceased to exist."
The anthropologist's report continues,
describing in detail the sociological and
cultural characteristics of the Lazy
.American and the manner in which his
coiuitry decaved. Rut the moral is indi-
cated in the anthropologist's introduc-
tion. Man must take an active part in
society. Every man must want to im-
prove himself, his neighbor, his society
—
intellectually and culturally.
Or the next page on the wall calen-
dar might bear the numbers 1995.
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POLARIS: Northrop's Datico checks
out Pol3rls at all levels of mainte-
nance and operation.
SKYBOLT: Guidance and navigation
systems are being developed by Nor-
throp for this new and highly secret
air-launched ballistic missile.
MERCURY: The Northrop landing sys-
tem is designed to bring the Mer-
cury astronaut down safely.
Northrop is now active in more
X-15: Northrop produces Q-Ball, the
flight angle sensor for safe re-entry
of X-15 andother aerospace vehicles.
AERODYNAMICS: Northrop's Laminar
Flow Control technique is designed
togreatly increase aircraft range, flex-
ibility, cargo and passenger capacity.
TITAN: Northrop supplies complete
technical and industrial management
to activate the T-2 Titan missile base.
For work on these advanced programs, we seek exceptional engineers, scientists and mathematician
IWK: Northrop produces a.mare
jmponents. ground handling and
unching equipment for this air de-
tose missile.
COMMUNICATIONS: Northrop designs
the trans-Pacific Scatter Communi-
cations Network and other world-
wide communication systems for
U.S. and free world governments.
T-38: World's first supersonic twin-
jet trainer is built by Northrop for
the United States Air Force.
than 70 imi)ortaiit programs
- r_.>Tl-r
—
^-t:'
/
RGET MISSILES: Northrop has pro-
ced more than 50.000 electroni-
ily-controlled aerial targets, and
rveillance drones.
COMMERCIALMETAL PRODUCTS: Nor-
throp produces aluminum architec-
tural shapes for many important
industrial and commercial buildings.
'te Northrop Corporation, Box 1525, Beverly Hills, California. Divisions: Norair, Nortronics, Radioplane.
SPACE RESEARCH: Norihrops accel-
erated space research programs
reach into such advanced areas as
maneuverability, rendezvous, space
vehicle maintenance, space probes,
and the su'wji o( m^n in spacp
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NATIONAL DISTILL
expanding in fertilizers . .
Fertilizer consumption in the United States is up
88^7 in 15 years—from 13,466,000 to 25,313,000
tons.
In the same 15 years, consumption in the 16 central
states increased almost 140' f—from 4.607,000 to
11,009.000 tons. This is the primary market for
National Distillers and Chemical Corporation's fer-
tilizer chemicals—ammonia, nitrogen solutions and
sulfuric and phosphoric acids manufactured at
U. S. I. division plants in lUinois, Iowa and Kansas.
Now National has taken an important forward step
in integrating its fertilizer operations by merger
a growth industry
with Federal Chemical Company. Federal is a 76-
year-old mixed fertilizer manufacturer with six
modern plants in Kentucky, Tennessee, Illinois,
Indiana and Ohio. Iieart of the mid-west farm belt.
A Career at National . . . National Distillers'
progress in the expanding fertilizer chemicals field
is part and parcel of its substantial growth in indus-
trial chemicals, metals and plastics. Chemist-s and
engineers seeking a challenging career in a growing
organization are invited to contact our Professional
Employment Manager, 99 Park Avenue, New York
16, N. Y.
NATIONAL DISTILLERS and CHEMICAL CORPORATION
.EA VORK :C. .'.
THE COMPANY WITH THE FIVE INDUSTRY FUTURE
LIQUORS • INDUSTRIAL CHEMICALS • PLASTICS • FERTILIZER CHEMICALS • METALS
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ENGINEERING COUNCIL
BASKETBALL
TOURNAMEI
A.S.C.E.
E.$
ASCE.
A SCE.
E. M. S.
I.5.G E.
AC S
M.l.S.
I. ^-O n.
ACS
A.CS
S.A.E
S AE'
ACS.
-..A.E. ACS.
A.S.M.E
A.I.Ch.E.
A S.M.E ;
December 10, 1960, the Engineering Council held
the first round of an elimination basketball tourna-
ment at Men's Old Gym. On January 7, 1961, the
final round was played at the University High School
Gym. Ten societies participated. The American Cer-
amic Society won and the American Society of Civil
Engineers came in second place. A floating trophy
and permanent first and second place plaques will
be presented. This is the first time the Council has
held a basketball tournament; it plans to make this
an annual event.
GRAD SCHOOL
. . .
(Continuid from Piujc 19)
3. Should yoii coiitiiuie in graduate
education now or later? For the alert,
sharp, student, it might be wiser to con-
tinue graduate education immediately
before family, financial, and employ-
ment obligations become pressing. Nor-
mally, students in the upper 10 to 20
percent of the graduating class might
fall in this category. For a student in a
little lower academic bracket, it misht
be wiser to gain some experience in his
chosen profession before starting gradu-
ate education. The relative advantages
of starting now or later are obvious,
and thus you should evaluate your pres-
ent interests and abilities before mak-
ing a decision. A student who is a little
unsure of himself or his chosen field will
obviously benefit through industrial or
work experience.
4. Where should I attend graduate
school? Recently Dr. Berelson of Co-
hniibia University made a listing of 12
top universities for graduate study. He
did not say that these were necessarily
the best 12 schools but listed them as
being good schools. The schools were
:
California (Berkeley), California Insti-
tute of Technology. Chicago, Columbia,
Cornell, Harvard, Illinois, Massa-
chusetts Institute of Technology, Mich-
igan, Princeton, Wisconsin and Yale.
All of these schools have graduate op-
portunities in engineering except Chi-
cago. Certainly a student selecting any
of these schools would not be disappoint-
ed and there are many other schools
which also have excellent graduate op-
portunities in engineering. A student in-
terested in a specific engineering field
should seek advice from his professors
as to the schools which would be most
appropriate for his chosen field.
In the past, the standard recommenda-
tion for selecting a graduate school was
based on the philosophy that a student
should obtain his edtication in two or
more institutions. If we go back to the
ideal program under which the doctor-
ate degree was offered in Germany, a
student studied at a number of schools
and then wrote a qualifying examina-
tion. In America it has been normal to
suggest that the graduate degrees be
completed in institutions other than
where the bachelor's degree was ob-
tained. However, the size of many of
our schools in the United States has
led to a flexibility of instruction which
was unrealized in schools previously.
Thus, the disadvantage of getting all
degrees in a large school is not nearly
as great as once believed.
5. The last question that you should
ask yourself could perhaps be the most
important and that is, will you be able
to finance graduate education? For the
well qualified students, there are almost
(Cnuiludcd nil Page 42)
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There are many likely reasons.
Perhaps the best one is the sum
total of them all:
At DuPont, there are no dead-
end streets for able, ambitious
people.
For example, DuPont is grow-
ing constantly, and growth means
more jobs. Every year we spend
$90 million in research alone, to
develop new products that create
challenging new opportunities.
In addition, DuPont invests an
average of $33,000 in each em-
ployee to provide the most modern
equipment, the finest facilities, the
best supporting services— factors
of special significance to the tech-
nical man.
WHY
DO
DU PONT
MEN
STAY
DU PONT
MEN
JFhalevcr the reasons, a recent
survey of ten large companies
showed that DuPont's turnover
rate among tcrhnical personnel is
within a fraction of one per cent
<if l)fing the absolute lowest! More-
over. aft<r live years of service, the
majority of Du Pont engineers and
scientists remain for the rest of
their careers.
We think there's food for serious
thought in these facts for new engi-
neers, chemists, mathematicians
and physicists who are determined
to succeed. For more information
about opportunities here, ask your
Placement Officer for literature. Or
write: E. 1. du Pont de Nemours &
Co. (Inc.). 2119-3 Nemours Build-
ing, Wibnington 98, Delaware.
ME
Better Things for Better Living
. . .
through Chemistry
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Skimming
Industrial
Headlines
Edited by Wally Cwik
World's First Betatron to
Smithsonian
The world's first betatron, an atom-
smashing electron accelerator inxented
at the University of Illinois in 1040 b\
Professor D. W. Kerst, is being given to
the Smithsonian Institution for perma-
nent display.
This first pioneering device which
produced 2.3-million electron volts of
energy was requested by the Institution
for exhibition in the Hall of Electricity
of the new U. S. National Museum
building in Washington, D.C.
Professor Kerst built three other
betatrons which are still in use at the
University. A 24-million \olt machine,
completed in 1941, is the prototype of
many now used as X-ray or electron
beam sovnxes by medicine and ind\istry.
The 8()-million volt machine was built
in 1948 as a model for the University's
340-million volt betatron, the world's
largest, completed in 1930. University
of Illinois physicists use the betatrons
primarily for research in nuclear physics.
Toll Collectors' Shield
A shaped Ple.xiglas shield protects toll
collectors on the Garden State Parkway
in New Jersey during inclement weath-
er. The shield is said to have cut in
half the number of heaters required in
28 toll booths and measurably reduced
operator colds, dry skin and other ail-
ments caused by standing in drafts.
Numerical Weather Prediction
The Navy is attempting numerical
weather prediction. A computer is fed
weather data, and after some 300,000,-
000 computations, the computer pro-
duces a map showing atmospheric pres-
sing at each point for the desired time,
usually 24 or 48 hours ahead. The oper-
ation takes 40 minutes.
Nucerite, Star of New Movie
Nucerite, a new material of constiuc-
tiiin is the subject of a new 16mm color-
soiuid hlni now available to technical
groups from The Pfaudler Co., a <livi-
sion of Pfaudler Perniutit Inc., Roches-
ter, New York. The film, a 16-minute
presentation, will be of particular inter-
est to researchers and engineers engaged
in chemical, nuclear and space tech-
nology.
Nucerite is a nnv ceramic metal com-
position which exhibits remarkable re-
sistance to attack in hot, corrosive en-
vironments. In its collecti\e properties,
Nucerite represents a significant advance
over similar corrosion-resistant ceramic
material in mechanical strength, ther-
mal shock resistance, abrasion resistance,
heat transfer, and high temperature sta-
bility.
Brrrr , . .
The extreme cold of a lunar night is
being simulated by scientists at Ford
]\Iotor Company's Aeronutronic Divi-
sion, Newport Beach, Calif., as part of
a program to land a 300-pound instru-
mented package on the moon within the
next two years.
Information gained from the experi-
ment will enable Aeronutronic Space
Systems scientists to construct a capsule
that can withstand the rugged environ-
ment of the moon, where the tempera-
ture drops to minus 250 degrees Fahren-
heit at night and warms to a plus 250
Fahrenheit during the da\-.
Preliminary tests and experiments
ha\e dealt with the lunar-night environ-
ment. Lunar-day environmental tests
will be conducted in the near ftiture.
A lunar night lasts a period equal to
17 earth da\'s. Since there is no atmos-
phere, heat loss is by radiation—the only
form of heat transfer in vacuum.
Whirlybirds Save The Day
A 2.7 mile long powerline to ser\ e a
microwave transmission station high in
California's rugged coastal mountains
was erected this fall in only 10 hours
by a 305 hp Hiller 12E light utility
helicopter.
The project, which Pacific Gas &
Flectric construction officials estimated
would have taken a 10-man crew more
than a month just to cut a road long
the right of way, was the final step to-
ward activating a Pacific Telephone c^
Telegraph Company microwave system
between San Jose and San Bernardino,
California.
Winter Plowing?
Russia claims the de\elopment of a
new-type farm plow that requires less
pulling power and can make a furrow
depth of more than a foot in frozen
ground. The plow is said to reduce the
tractor pull needed for a five-plow unit
by 35-to-40 per cent and increase the
depth of cut 20-to-30 per cent at the
same time.
Jack Hammers Muffled
A Los Angeles firm has developed a
mullller for paxement breaking ham-
mers that is said to cut noise by 55 per
cent. The muffler consists of two jack-
ets, heavily lined with soiuidproofing
materials, which can be zipped into
place around the breaker in only a few
seconds.
Copper Used in 7500 B. C.
Copper, one of fiist metals used b\
man, was worked as early as 7500 B. C.
Free Coffee
Motels are courting tourists more
a\idl\' than ever. Their latest idea is a
pushbutton coffee dispenser which pro-
vides free coffee to travel-weary motor-
ists.
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HOW ENGINEERS MAKE NEW DESIGNS POSSIBLE AND PRACTICAL
lUuntratioti conrtc.-ty of Grad. Urbahn A: ^vttye.
Inco Nickel helps give engineers the solution
to metal problems in new radio telescope
How do you design a precision instru-
ment that will "see" 38 billion lifrht
years into space? This problem was
answered by the engineers working
on this revolutionary, new radio
telescope.
But these engineers faced another
challenging problem — //oh' do you
actually build it? How do you build
a telescope as tall as a 66-story build-
ing with a reflector so big it could
hold six football fields?
Ho7i' do you build a rotatinx) mecha-
vism that can siving this giant up or
down, or sideivays, to aim at any spot
in the Universe with piyi-point accu-
racy? Just the tiniest amount of wear
or distortion in this mechanism could
throw the telescope millions of miles
off target in the far reaches of space
!
Wliere coidd they get construction
materials tough and strong enough?
Nickel gave them the answer! Nickel
in steel gave these engineers a mate-
rial tough enough to maintain pre-
cision in the rotating mechanism even
under the anticipated 20,000-ton load.
And Nickel, to be used in the steel
members, gave them the high strength
at minimum weight needed to sup-
port the giant reflector.
The radio telescope is one of the
many developments in which Nickel
has solved important problems. Most
probably you, yourself, in the near
future, will be faced with problems
just as difficult. When you are, you can
count on Nickel — and the cooperation
of Inco — to help get the job done . . .
and done right
!
If you'd like to get acquainted with
Nickel steels, write us for a copv of,
"Nickel Alloy Steels and Other X'ickel
Alloys in Engineering Construction
Machinery." Educational Services,
The International Nickel Company,
Inc., New York 5, N. Y.
INCO,
:i International Nickel
The International Nickel Company, Inc., is the U. S. affiliate of The International Nickel
Company of Canada, Limited (Inco-Canada) — producer of Inco Nickel, Copper, Cobalt,
Iron Ore, Tellurium, Selenium, Sulfur and Platinum, Palladium and Other Precious Metals.
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BRAIN TEASERS
By Ernie Frankovich
WATCH
RXWWS
XON rz ER.
1
NrvTMAklttt.
Electrical and Mechanical Engineers
and Physicists
offers you real opportunity
[F(i]Dff(fD©D(£] G®DaDaOv
offers you real living
This is the newly opened Norwalk, Connecticut, home of the Norden
Division of United Aircraft Corporation. It's a multi-million dollar
engineering-research and manufacturing facility with much to offer
this year's engineer.
Here you will find modern laboratories and the finest test equipment.
And here \^ou will find challenge to match.
Presently our challenging engineering programs include: Advanced
weapons delivery systems for new jet aircraft, 3-Dimensional Terrain
Presentation for Aircraft, Meteorological Radar, Automatic TV
Tracking Theodolites, Space Instrumentation Systems, electronic
scoring machines and systems, digital devices and computers, and
automated shij) studies.
Norwalk is located in beautiful Fairfield County, just 41 miles from
New York City. The community boasts the largest art center in the
East, a symphony orchestra, golf courses, swimming beaches, and
excellent boat basins. Here is family living at its best.
Excellent tuition refund plan for graduate study is available.
NORDEN
For more on opportunities available to engineers and
physicists at Norden, visit your Placement Office
or write to Technical Employment Mgr.
DIVISION OF
UNITED AIRCRAFT CORPORATION
Norwalk, Connecticut
GRAD SCHOOL
. . .
(Continuid from Page 36)
endless opportunities to obtain scholar-
ships, assistantships. and grants. For
those not so well qualified, the task will
be a little more difficult. In addition,
students that have become accustomed
to the L niversity of Illinois "in-state"
tuition tees will be shocked when they
learn of the cost of graduate education
in some private schools. At present,
there still seems to be ample opportuni-
ties in enough schools so that a student
still has fome flexibility in selecting a
.school within his financial range.
In analyzing your situation, consider
graduate education to be an additiona'
tool to be used in your engineering prac-
tice. When we select a mechanic to
work on our car, or a carpenter for
house repairs, we always desire to get
the most qualified person and we cer-
tainly would not select a person who
had a shortage of tools. The under-
graduate engineering educarion is con-
sidered to be the bare minimum prep-
aration required for any engineer. In
the future there is to be a greater need
for well qualified engineers able to han-
dle highly theoretical technical prob-
lems. As you analyze yourself, there are
only three important questions that
should be answered. 1. Do you have
an interest in graduate education ? 2. Do
you have the ability to carry on gradu-
ate study? 3. Are you willing to spend
the required time and effort to carry on
graduate education? If your answer to
these three questions is '"yes," then you
cannot afford ( and you may measure
the cost in dollars and cents, personal
welfare, community welfare or national
welfare) to overlook this opportunity.
As you enter the engineering profession,
obtain all the mental and technical tools
available to become as capable as pos-
sible.
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U of I Alumnus Co-author
Of Patent
J. A. Anderson is co-author of a pat-
ent describing a process for converting
undesirable asphalts to valuable petro-
leum products. It involves using cata-
lytic hydrogenation combined w-ith pe-
riodic depressuring of the action system.
Regularly a research associate in Re-
search and Development Division, An-
derson is now serving as chemical prod-
ucts adviser to the manager of the
Manufacturing Deparmient of Humble
Oil & Refining Company's Humble Di-
vision. He holds the B.S. Degree in
chemical engineering from L niversity of
Illinois and the M.S. degree from
Pennsvlvania State L niversitv.
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FISSION FIRED COMBINATION THERMIONIC
THERMOELECTRIC DIRECT CONVFRTFP
Chances are you'll eventually be involved
in some way with specifications for:
AIR CONDITIONING
REFRIGERATION
HEATING
HEAT TRANSFER
and chances are you'll profit by knowing
unHflm/BUSH
the One Manufacturer providing
"one source-one responsibility" for all four.
DUNHAM-BUSH, INC.
WEST HARTFORD 10 • CONNECTICUT • U. S. A.
'onic <;eneratoi' in its center ami a thcr-
hnoclectric generator surroiindinK it.
[Both methods of convertinj; heat direct-
ly to electricity operate on similar prin-
iciples (hut operate most efficiently .it
widely divergent temperatvnes. A ther-
jmionic ijenerator operates at ahoiit
S(l() dejirees F. A thermoelectric unit,
on the other hand, does not operate at
such elevated temperatures, but works
well in the temperature range of 600
to 1,800 degrees F.
Hy putting the two t\ pes of genera-
tors in tandem, the heat passing through
the tliermionic generator Hows through
the thermoelectric unit. The elements
are wired in series to give a combined
electrical output over a very wide tem-
perature range.
Dr. Joseph C. Danko, manager nt
direct coiuersion activities at the atomic
power department said, "While this ex-
periment was just to determine feasi-
bilitv of the heat conversion system, the
dexelopment program will continue to-
ward the goal of increasing the effici-
encv of the device."
A New Cardiac
Resuscitation System
Wcstinghouse Electric Corporation
has announced plans to manufacture and
market a cardiac resuscitation system
combining two new transistorized in-
struments: a small, portable, self-pow-
ered cadiac pacer and a bedside moni-
toring unit that will respond to indica-
tions of heart arrest by switching the
pacer into operation and signaling an
alert via radio.
Black Snows of China
Tlie Red Chinese are sprinkling the
sn(]w on Kilien Mountains with coal
(lu^t and burned wood and grass to get
more water to irrigate farms. The black
materials are being used to increase the
ahMirption rate of heat from sunshine
ami thus speed the melting of the snow
and ice.
Spray-it-yourself Kit
A spray-it-yourself kit now can turn
any "squirtahle" material into an aero-
sol product. The kit contains a propel-
lant-filled can coupled to a glass jar in
which the material to be sprayed is
placed. I'ress the button, and the result
is just like a store-bought aerosol.
Dial for Parking
Shoppers on short errands of an hour
or less can now park in \'ienna's busy
Inner City with little trouble by using
a cardboard clock dial. The motorist
places the dial against the windshield,
after setting a black hand on time when
oar is parked. A rigidly fixed red dial
indicates when he must leave an hour
later or face heavy fines.
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THE AURORA—
WHAT IS IT?
By Don McLane '64
The Aurora borealis, or northern
lights, is a strange and beautiful phe-
nomena, yet it could be one of the most
dangerous. Until a short time ago, sci-
entists were in the dark about many de-
tails of its existence, but the KCj\' shed
a great deal of light on it. It is now-
known that the Aurora is directly
linked with disturbances in the earth's
geomagnetic field and that solar activity
affects the earth's magnetic field.
The aurora is composed of man\ dif-
ferent colors which exist at different
altitudes. The blue and red colors are
most common at about (lOO miles eleva-
tion. The blue is visible at twilight and
it is thought that this color forms when
a stray electron ionizes nitrogen. The
red colors are very rare and usualK'
quite brilliant. Yellow auroras which
form from the combination of high red
auroras and the low green auroras are
most conuuon from 150 to I7S nu'les
ah(i\c the earth. The green aurora,
which also forms at 150 to 100 nu'les
above the earth occurs when protons
and electrons disturb oxygen. At about
^0 miles, excited nitrogen molecules
mav leave a scarlet fringe on the bottom
of the green.
The area within 25'-' of each pole is
known as the Auroral Zone. The aurora
is visible every night in these areas but
is never visible before 4:00 p.m. and
has always disappeared before ilawn. In
the northern hemisphere, the aurora
drifts to the west before mi<lnight, and
after midnight reverses its direction. It
usually moves at about 1 kilometer per
second. The aurora is a night-side-only
event and the reason for this is not ex-
actly known.
The aurora forms in rays, arcs, and
curtains which appear to be more com-
plex than had previnusK' been suppose. 1.
Surrounding the earth there are the
Van Allen belts, places in the geomag-
netic field where particles are enslaved
in two doughnut shaped rings which are
centered over the equator, one belt with-
in the other. The outer belt is known
to be linked with the auroras. It con-
tains protons and electrons discharged
hy the sun which when they enter the
belt, are deflected along the geomag-
netic lines of force. Since these force
lines converge at the poles, the particles
converge within 27° of the poles. Since
thev are now in a region of polarity.
they arc repelled by the pole. Some of
these particles, rather than travclinn
back along the lines of force, merely k"
straight up and create an aurora. The
aurcna is, then, the action of rapidK
moving protons and electrons in visibly
exciting gases in the upper atmosphere.
As was previously stated, these parti-
cles come from the sun. Let us see how
this happens. It has been observed that
unusual auroral activity follows un-
usvial solar activity by one to two days.
From this it can be inferred that some-
thing from the sun produces the au-
rora. This something silently rvishes to-
ward earth at .?7,(MII) to 74,(Kt(l miles
per second.
A gas, possibly ioni/eil h\<lrogen,
streams outward from the sun in all ili-
rections all the time. This gas is dis-
charged at a rate of about 500 kilo-
meters per second. When solar activity
increases, this may increa.se to 1500
kilometers per second. This "solar
wind" comes from the .v5 milliofi de-
gree Fahrenheit corona of the sun. The
more active the sun is, the more parti-
cles are given off.
The particles of the "wind" pene-
trate the geomagnetic field to a ilepth.
or rather, an altitude of 25,(KI(I kilo-
meters from the earth's surface. Dur-
ing periods of extreme activity, these
particles may come ;is close as 3500
kilometers. The solar wind is import-
ant as a line of commimication of solar
;;ctivit\' to the earth.
These particles, hitting the lines of
force, create disturbances in the geo-
magnetic field which disturb the iono-
sphere. The ionosphere is a layer of
charged, moving particles in the at-
mosphere. \Vhen the ionosphere is «iis-
turbeil. these particles are set into great-
er motion. -As these particles move fast-
er, they set up electrical cmrents which
cause the magnetic disturbance. 1 he
more violent the ilisturbance, the more
violent the aurora. These disturbances
greatly affect radio reception, since
radio depends on the ionosphere to re-
turn its signals to the earth. Areas in
the far north could be virtually is<)-
lated. It DKW line stations Ix-caine use-
less the countrv would be very vulner-
able to attack.
.Mthough a good deal is known, there
is still a long way to go and much more
to be learned before all the riddles of
the "Miilru'ght Sun" can he solved.
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Flying Low
The experimental Ground Effect
Machine (GEM), tested by General
Motors Research Laboratories Engi-
neering Development Department,
slcims over land and water at a 4-nich
altitude with driver. Fore and aft fans
driven by 15-horsepower engines pro-
duce a continuous sheet of air from an
annualar jet around the bottom of the
vehicle. This sheet seals a supporting
low pressure air bubble under the ve-
hicle. Designed to study stability, con-
trol and propulsion problems, the GEM
is 81 inches wide, 144 inches long and
from ground to deck measures 14
inches. With driver and passenger, it
cruises at a 2^2 inch altitude.
X-Ray Measurement of
Misorientation in Metals
When a polycrystalline metal is plas-
itcally strained, the resulting deforma-
tion may be a bending or tilting of the
atomic lattice within the grains of the
metal, known as misorientation. The
National Bureau of Standards has re-
cently developed an X-ray diffraction
method for obtaining quantitative meas-
urements of this defomiation. Such data
will be used in stud\ing the mechani-
cal properties of metals.
Lottery Machine
Lottery "fixing" is a thing of the
past—at least in Norway. Researchers
have designed a machine which comes up
with a completely random number every
two seconds.
Ultraviolet Carrier
Work by the Westinghouse Electric
Corporation to develop methods for
using ultraviolet light to communicate
over great distances in free space has
enabled the company's air arm division
to build and demonstrate a system for
transmitting images and other informa-
tion over an ultraviolet carrier.
Operating in the division's applied
physics laboratory in Baltimore, the ex-
perimental system employs a standard
Westinghouse 5ZP16 cathode ray tube
as both a source and a modulator of
ultraviolet. A conventional ultraviolet-
sensitive photomultiplier is used to re-
ceive the transmission. Liput image is
displayed on the screen of a standard
television receiver. According to N. V.
Petrou, manager of engineering at the
division, the most immediate significance
of the installation is its indication that
it will soon be feasible to use catho-
doluminescent devices as virtual point-
source generators of ultraviolet radia-
tion at the outputs and in the narrow
bandwidths necessary for space com-
munication.
A New Science
"Research is a cultural activity which
embraces all problems related to the
preservation and development of man-
kind." From this starting point, J- T-
Tykociner, Research Professor Emeritus
of Electrical Engineering, has presented
a proposal for a new term, Zetetics. the
science of research, and has organized
much of the present knowledge of re-
search as a science, whatever its sub-
ject matter.
The detailed proposal and basic out-
line for Zetetics are presented in a new
paper-backed book. Research as a Sei-
fncc—Zetetics. published by Professor
Tykociner through the University of
Illinois Department of Electrical Engi-
neering. The contents of this book are
the result of years of study, investiga-
tion, and writing on this subject by the
author.
Glow, Little Glow Worm
The Navy may soon use a new kind
of lightning bug to help power space
missiles. Batteries which work with the
aid of bacteria are being experimented
with.
Westinghouse Builds Hot Line
A new high-voltage experimental
transmission line has been built by
Westinghouse Electric Corporation to
study problems concerned with radio-
influence (RI) and corona loss. The
single-phase wood-pole line was erected
at Trafford, Pa., near the company's
high-voltage laboratory. The line is en-
ergized from the laboratory and is oper-
ated at voltages up to 200 kv to ground.
The half-mile line consists of two sec-
tions, end to end: about 1550 feet of
0.721 -inch conductor, and 1080 feet of
1.108 inch.
Honoring The Late Thomas
C. Shedd
A bronze plaque honoring the late
Thomas C. Shedd, Professor of Struc-
tural Engineering at the University of
Illinois, was presented to the Uni-
versity by the Illinois Society of Pro-
fessional Engineers at a luncheon in
the mini Union Building, at 12:30
p.m. on Saturday, January 7, \^b\. The
Board of Direction of the Illinois So-
ciety of Professional Engineers will
hold its Januar\ meeting that day in
the mini L'nion Building.
Professor Shedd, on the UI Civil En-
gineering faculty from 1022 imtil his
retirement in 1958, died July 11, 1Q59.
He was a member of the Illinois Struc-
tvu-al Engineers' Examining Committee
from 1944 to 1959 and served as chair-
man for several terms. He was a mem-
ber of the Illinois Professional Engi-
neers' Examining Committee from 1945
to 1959 and served as chairman from
1945 to 1948. He was president of the
Illinois Engineering Council for two
terms. He also served as president and
director of the National Council of
State Boards of Engineering Examiners.
In 1959 the Illinois Society presented
him with the Illinois Award in recogni-
tion of these services.
It's About Time
The old pattern of American science
and scientists learning from Europe has
been reversed since the war: today Eu-
rope needs to learn from America. Prof.
Frederick Seitz, University of Illinois
physics department head, declared here
today.
"Just as the United States had much
to learn from Europe about science in
the past, Europe now has much to learn
from the United States," Seitz said.
"Europeans need to give basic sci-
ence much more support, and they must
learn importance of teamwork in ap-
proaching problems being attacked by
today's science."
Prof. Seitz returned to Illinois this
fall from 18 months as science adviser
to the North Atlantic Treaty Alliance,
working on the staff of the secretar\'-
general.
More Engineers
Engineering freshmen at L niversity
of Illinois have increased 15 per cent
this fall, with 1,272 first-year students
compared to 1,106 a vear ago and 1,042
in 1958.
Largest gains are in electrical engi-
neering, increase 78, total freshmen
362 ; general engineering, increase 39,
total freshmen 178; civil engineering,
increase 33, total freshmen 215; and
mechanical engineering, increase 24,
total freshmen 172.
Dean Pierce's study shows 65 per cent
of engineering freshmen come from the
top one-third of their high school class,
only 4 per cent from the bottom one-
third.
New X-ray Lab at NT
A new \-ray diffraction laboratory,
to be used for research and student in-
struction, is a recent addition to the
metallurgical engineering department of
Illinois Institute of Technolog>-.
Used to determine the atomic struc-
ture of materials, the facility can serve
as a means to forecast the strength and
durability of various metals. Equipment
of this type has also been utilized in
uncoxering the properties of materials
and new methods to facilitate manufac-
ture of intricate solid-state devices such
as transistors.
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BUT, OUR PENDULUMS AREN'T SIMPLE, SIGNOR GALILEO!
Since your time, Schuler has shown that a simple pendulum can be used for navigation if it has a
period of S4.4 minutes. By your formula. Signor, the pendulum would be 3.959 miles long! We
couldn't keep it simple: we had to mechanize an artificial pendulum with Schuler Tuning to iner-
tially guide the Mace missile.
If your career aim is any phase of guidance or navigation systems, you are invited to inquire
about AG's Program for recent graduate Engineers. The Program consists of formal engineering
classes and on-the-job training in Manufacturing. Reliability and Engineering. For AC" interviews
during the GM campus visit, contact your placement office, or write to Mr. R. E. Allen, Director
of Scientific and Professional Employment. 7929 S. Howell. Milwaukee 1, Wisconsin.
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Flying Low
The experimental Ground Effect
Machine (GEM), tested by General
Motors Research Laboratories Engi-
rt e e r i n g Development Department,
skims over land and water at a 4-inch
altitude with dri\er. Fore and aft fans
driven by 15-horsepower engines pro-
duce a continuous sheet of air from an
annualar jet around the bottom of the
vehicle. This sheet seals a supporting
low pressure air bubble under the ve-
hicle. Designed to study stability, con-
trol and propulsion problems, the GEM
is 81 inches wide, 144 inches long and
from ground to deck measures 14
inches. With driver and passenger, it
cruises at a 2l< inch altitude.
X-Ray Measurement of
Misorientation in Metals
When a polycr^stalline metal is plas-
itcally strained, the resulting deforma-
tion may be a bending or tilting of the
atomic lattice within the grains of the
metal, known as misorientation. The
National Bureau of Standards has re-
cently developed an X-ray diffraction
method for otataining quantitative meas-
urements of this defonnation. Such data
will be used in studying the mechani-
cal properties of metals.
Ultraviolet Carrier
Work b\ the Westinghouse Electric
Corporation to develop methods for
using ultraviolet light to communicate
over great distances in free space has
enabled the company's air arm division
to build and demonstrate a system for
transmitting images and other informa-
tion over an ultraviolet carrier.
Operating in the division's applied
physics laboratory in Baltimore, the ex-
perimental system employs a standard
Westinghouse 5ZP16 cathode ray tube
as both a source and a modulator of
ultraviolet. A conventional ultraviolet-
sensitive photomultiplier is used to re-
ceive the transmission. Input image is
displayed on the screen of a standard
television receiver. According to N. \ .
Petrou, manager of engineering at the
division, the most immediate significance
of the installation is its indication that
it will soon be feasible to use catho-
doluminescent devices as virtual point-
source generators of ultraviolet radia-
tion at the outputs and in the narrow
bandwidths necessar\ for space com-
munication.
Lottery Machine
Lottery "fixing" is a thing of the
past—at least in Norway. Researchers
have designed a machine which comes up
with a completely random number every
two seconds.
A New Science
"Research is a cultural activity which
embraces all problems related to the
preservation and development of man-
kind." From this starting point. J- T.
Tykociner, Research Professor Emeritus
of Electrical Engineering, has presented
a proposal for a new term, Zetetics. the
science of research, and has organized
much of the present knowledge of re-
search as a science, whatever its sub-
ject matter.
The detailed proposal and basic out-
line for Zetetics are presented in a new
paper-backed book. Research as a Sci-
ence—Zetetics. published by Professor
Tykociner through the University of
Illinois Department of Electrical Engi-
neering. The contents of this book are
the result of years of study, investiga-
tion, and writing on this subject by the
author.
Glow, Little Glow Worm
The Navy may soon use a new kind
of lightning bug to help power space
missiles. Batteries which work with the
aid of bacteria are being experimented
with.
Westinghouse Builds Hot Line
A new high-voltage experimental
transmission line has been built by
Westinghouse Electric Corporation to
study problems concerned with radio-
influence ( RI ) and corona loss. The
single-phase wood-pole line was erected
at Traftord, Pa., near the company's
high-voltage laboratory. The line is en-
ergized from the laboratory and is oper-
ated at voltages up to 200 kv to ground.
The half-mile line consists of two sec-
tions, end to end: about 1550 feet of
0.721-inch conductor, and 1080 feet of
1.108 inch.
Honoring The Late Thomas
C. Shedd
A bronze plaque honoring the late
Thomas C. Shedd, Professor of Struc-
tural Engineering at the L niversity of
Illinois, was presented to the L ni-
versitv by the Illinois Society of Pro-
fessional Engineers at a luncheon in
the mini L'nion Building, at 12:30
p.m. on Saturday, January 7. 1961. Thi
Board of Direction of the Illinois So-
ciety of Professional Engineers will
hold its Januar\ meeting that day in
the mini Lnion Building.
Professor Shedd, on the UI Civil En-
gineering faculty from 1922 until his
retirement in 1958. died July 11. 1959.
He was a member of the Illinois Struc-
tural Engineers' Examining Committee
from 1944 to 1959 and served as chair-
man for several terms. He was a mem-
ber of the Illinois Professional Engi-
neers' Examining Committee from 194!
to 1959 and served as chairman fron
1945 to 1948. He was president of th(
Illinois Engineering Council for two^
terms. He also served as president and
director of the National Council of
State Boards of Engineering Examiners.
In 1959 the Illinois Society presented
him with the Illinois Award in recogni-
tion of these services.
it's About Time
The old pattern of American science
and scientists learning from Europe has
been reversed since the war: today Eu-
rope needs to learn from America, Prof.
Frederick Seitz. University of Illinois
physics department head, declared here
today.
"Just as the United States had much
to learn from Europe about science in
the past, Europe now has much to learn
from the L'nited States." Seitz said.
"Europeans need to give basic sci-
ence much more support, and they must
learn importance of teamwork in ap-
proaching problems being attacked by
today's science.
Prof. Seitz returned to Illinois this
fall from 18 months as science adviser
to the North Atlantic Treaty Alliance,
working on the staff' of the secretary-
general.
More Engineers
Engineering freshmen at L niversity
of Illinois have increased 15 per cent
this fall, with 1,272 first-year students
compared to 1.106 a year ago and 1,042
in 1958.
Largest gains are in electrical engi-
neering, increase 78, total freshmen
362 : general engineering, increase 39.
total freshmen 178; civil engineering,
increase 33, total freshmen 215; and
mechanical engineering, increase 24.
total freshmen 172.
Dean Pierce's study shows 65 per cent
of engineering freshmen come from the
top one-third of their high school class,
only 4 per cent from the bottom one-
third.
New X-ray Lab at NT
A new x-ra\ diffraction laboratory,
to be used for research and student in-
struction, is a recent addition to the
metallurgical engineering department of
Illinois Institute of Technologv".
L'sed to determine the atomic struc-
ture of materials, the facility can ser\e
as a means to forecast the strength and
durability of various metals. Equipment
of this type has also been utilized in
uncovering the properties of materials
and new methods to facilitate manufac-
ture of intricate solid-state devices such
as transistors.
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BUT, OUR PENDULUMS AREN'T SIMPLE, SIGNOR GALILEO!
Since your time, Schuler has shown that a simple pendulum can be used for navigation if it has a
period of 84.4 minutes. By your formula, Signor. the pendulum would be a.aW miles long! We
couldn't keep it simple; we had to mechanize an artificial pendulum with Schuler Tunius; to iner-
tially guide the Mace missile.
If your career aim is any phase of guidance or navigation systems, you are invited to iiuiuia-
about AC'S Program for recent graduate Engineers. The Program consists of formal engineering
classes and on-the-job training in Manufacturing, Reliability and Engineering. For AC interviews
during the CM campus visit, contact your placement oflice. or write to Mr. R. K. Allen, Director
of Scientific and Professional Employment, 7929 S. Howell. Milwaukee 1, Wi.sconsin.
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Interview with
General Electric's Byron A. Case
Manager Employee Compensation Service
Your Salary
at General Electric
Several surveys indicate that salary is
not the primary contributor to job
satisfaction. Nevertheless, salary con-
siderations will certainly play a big
part in your evaluation of career op-
portunities. Perhaps an insight into the
salary policies of a large employer of
engineers like General Electric will
help you focus your personal salary
objectives.
Salary—a most individual and per-
sonal aspect of your job— is difficult to
discuss in general terms. While recog-
nizing this, Mr. Case has tried answering
as directly as possible some of your
questions concerning salary: ^,^|^
Q Mr. Case, what starting salary does
your company pay graduate engineers?
A Well, you know as well as I that
graduates' starting salaries are greatly
influenced by the current demand for
engineering talent. This demand es-
tablishes a range of "going rates" for
engineering graduates which is no doubt
widely known on your campus. Be-
cause General Electric seeks outstand-
ing men, G-E starting salaries for these
candidates lie in the upper part of the
range of "going rates." And within
General Electric's range of starting sal-
aries, each candidate's ability and
potential are carefully evaluated to de-
termine his individual starting salary.
Q How do you go about evaluating
my ability and potential value to your
company?
A We evaluate each individual in the
light of information available to us:
type of degree: demonstrated scholar-
ship: extra-curricular contributions; work
experience; and personal qualities as
appraised by interviewers and faculty
members.'' These considerations deter-
mine where within G.E.'s current sal-
ary range the engineer's starting salary
will be established.
Q When could I expect my first salary
Increase from General Electric and how
much would it be?
A Whether a man is recruited for a
specific job or for one of the principal
training programs for engineers—the
Engineering and Science Program, the
Manufacturing Training Program, or
the Technical Marketing Program—his
individual performance and salary are
reviewed at least once a year.
For engineers one year out of col-
lege, our recent experience indicates a
first-year salary increase between 6 and
15 percent. This percentage spread re-
flects the individual's job performance
and his demonstrated capacity to do
more difficult work. So you see, salary
adjustments reflect individual perform-
ance even at the earliest stages of
professional development. And this
emphasis on performance increases
as experience and general competence
increase.
Q How much can I expect to be making
after five years with General Electric?
A As I just mentioned, ability has a
sharply increasing influence on your
salary, so you have a great deal of per-
sonal control over the answer to your
question.
It may be helpful to look at the cur-
rent salaries of all General Electric
technical -college graduates who re-
ceived their bachelor's degrees in 1954
(and now have over 5 years experience).
Their current median salary, reflect-
ing both merit and economic changes,
is about 70 percent above the 1954
median starting rate. Current salaries
for outstanding engineers from this
class are more than double the 1954
median starting rates and, in some
cases, are three or four times as great.
Q What kinds of benefit programs
does your company offer, Mr. Case?
A Since I must be brief, I shall merely
outline the many General Electric em-
ployee benefit programs. These include
a liberal pension plan, insurance plans,
an emergency aid plan, employee dis-
counts, and educational assistance pro-
grams.
The General Electric Insurance Plan
has been widely hailed as a "pace
setter" in American industry. In addi-
tion to helping employees and their
families meet ordinary medical expen-
ses, the Plan also affords protection
against the expenses of "catastrophic"
accidents and illnesses which can wipe
out personal savings and put a family
deeply in debt. Additional coverages in-
clude life insurance, accidental death
insurance, and maternity benefits.
Our newest plan is the Savings and
Security Program which permits em-
ployees to invest up to six percent of
their earnings in U.S. Savings Bonds
or in combinations of Bonds and Gen-
eral Electric stock. These savings are
supplemented by a Company Propor-
tionate Payment equal to 50 percent
of the employee's investment, subject
to a prescribed holding period.
// vol* ii-oulfl like a reprint of an
inforniatife article en titled,^"How
to Evaluate Job Offers'" by Dr. L.
E. Saline, ivrite to Section 959-I-t,
General Electric Co., Schenectady
5, ISetv York.
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This mark identifies modern, dependable steel.
Look for It on consumer products.
This is an
artist's concept of
the world's biggest
radio telescope
This giant telescope will use radio
waves to locate objects that are bil-
lions of light years out in space. The
dish-shajjed mirror will be 600 feet in
diameter—about the size of Yankee
Stadium. It will be the biggest mov-
able radio telescope ever known.
As you'd imagine, it is going to take
a lot of material to build an instru-
ment this size. The American Bridge
Division of United States Steel, as a
major subcontractor, is fabricating
and erecting 20,000 tons of structural
steel for the framework alone. The
U. S. Navy through the prime con-
tractor is supervising the entire job.
When it's completed, there'll be a
power plant, office buildings and per-
sonnel facihties for a permanent 500-
man crew. The site is near Sugar
Grove, West Virginia.
United States Steel produces many
of the materials that are essential for
construction: Structural carbon steel;
high strength steels; alloy steels; stain-
less steels; steel piling; steel drainage
products; cements; slag; reinforcing
bars; welded wire fabric; wire rope;
steel fence; electrical cable; and other
alhed products.
The most important building pro-
jects in our nation depend on steel.
And steel depends on men like you. If
you would like to find out about the
many engineering, financial analysis
or sales career opportunities at U. S.
Steel, send the coupon.
t^SS is a registered trademark
United States Steel Corporation
Personnel Division, Room 6250
525 William Penn Place
Pittsburgh 30, Pennsylvania
Please send me career information
about U.S. Steel.
Name
School
Address
City -Zone State-
^S) United States Steel
Things We Know About Tomorrow
>-r^^^l^---^f^
EYES MADE FOR DARKNESS Westinghouse scientists expect that airplane pilots are going
to be able to see the ground clearly on a cloudy, moonless night. Astronomers will be able
to see vastly beyond the present range of their telescopes, perhaps to the final boundary of
the universe, if there is one. Policemen will peer into dark alleys and see through special bin-
oculars. Scientists at Westinghouse are working on the proposition that no matter how
dark it looks to us. there is plenty of "light" everywhere: on a black night, in a coal mine, in a
sealed room. We just have the wrong kind of eyes to see it all. So they have developed a de-
vice that "sees" infrared light which we can sense only as heat...another device that "sees"
ultraviolet light, which we can detect only when it gives us sunburn... still another that picks
up a single "packet" of light, the smallest amount that can exist, and multiplies it into a
visible flash. You can be sure. ..it it's
Westinghouse
ENGINEERS: For full information on rewarding career opportunities at Westinghouse write to
L H. Nog gle, Westinghouse Educational Department, Ardmore &Brinton Roads, Pittsburgh 21, Pa.
LOEB DRAMA CENTER, Harvard Unaersity, Cambridge, Mass-
Archiieci: HucH A. Stubbins & Associates. Cambridge. Mass. Plumbing & Healing
Engineer: Delbrook Engineering. Inc.. Cambriboe. Mass. General Contractor: George
A. Fuller Co.. New York. N. Y. Plumbing A Sprmkler Contractor: C. H. Cronin, Inc.,
Boston, Mass. Heating. I'eniilating & Air Conditioning Contractor: Thomas G. Gallagher,
Inc., Somerville, Mass.
JENKINS VALVES Specified for
Trouble-free Control of All Service Lines
In the new Loeb Drama Center you push a button, get a conventional,
Broadway-type stage. Push another, an "apron type" stage for Eliza-
bethan drama. Push a third— and voila— you have modified
"theater-in-the-round !
'
This well may be the finest, the most versatile and responsive theater
in history'. One thing is sure: its builders, architects and engineers
insisted on practicality along with the stuff of which theatrical dreams
are made. They specified Jenkins Valves throughout the building for
the entire complex of heating, piping and air conditioning lines.
To the men who design, build and operate America's distinguished
buildings, the specification "jenkins" is a trusted protection against
costly valve maintenance and replacement. And they commonly pro-
vide this protection, knowing that Jenkins Valves cost no more.
Jenkins Bros., 100 Park Avenue, New York 17.
Sold Through Leading Distributors Everywhere
3 - ^(^
Jenkins Iron Body Gate Valves in the theater's piping system
JENKINS
LOOK FOR THE JENKINS DI*MOND^gfc|^
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from the Editor's Desk
.
Opponiinity for Planning
A permanent site for the University of Illinois at Chicago has been
selected. After many years of delay caused by differences of opinion
among the board of trustees, the political hierarchy of the city and
various civic organizations, an agreement has been reached. Like any
decision which is accepted everyone cannot be satisfied, however, I
feel that most of the interested parties are content with the fact that
some site was finally chosen.
Now those whose responsibility it is to make the decisions re-
garding the contents of the various curricula are face to face with an
opportunity for progress. Many curricula are in dire need of overhaul
and now seems like the proper time to moke any necessary changes.
This new branch of the university could become a perfect example
of education on the modern level. All outdated and out-of-place
courses could be replaced by subjects keyed to satisfy the demands of
our ever-advancing society.
Engineering is one college where the former mentioned changes
are needed. Many of the curricula have such an overlap that it has
been suggested that the common program for freshmen now in exist-
ence be enlarged to include the sophomore year. Another proposal is
a common program in engineering for the entire undergraduate course
of study. A bachelor of science degree in engineering would be award-
ed at the termination of this study and then a fifth year of work would
be taken for the purpose of majoring in some particular field of engi-
neering. This type of program would allow adequate time during the
undergraduate period for a well-rounded study of the humanities,
social sciences, and language courses which are lacking in the cur-
ricula.
It seems that if these changes were incorporated in the new
branch as soon as it opens there will be little difficulty in organizing
the new curricula. However, if the changes are put off there is always
the complication of securing instructors and reorganizing an entire
operation. This could be prevented if the necessary action is taken at
the proper time.
-M. D. M.
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Some Deductions
about the expanding universe
By Carl J. Stehman '61
Tin- possibility that we are living; in
an expaiidiiiu; or contracting universe
has excited astronomers for the past sev-
eral decades. It has gradually come to
be accepted that we are living in a uni-
verse which is expanding, the reason for
this contention being an observable
phenomenon known as the red shift.
I)efinite frequencies are associated with
the light generated by any star, part of
these frequencies beinsr the visible spec-
trum of violet (the highest frequency
visible to the naked eve) to red (the
lowest frequency visible). When for
some reason the entire generated spec-
trum is shifted toward the lower fre-
quencies it is known as a "red shift.
The reason for such a red shift in the
light generated by a star would be the
movement of that star awav from us at
the same time it is generating the ex-
pected frequency, thus causing us to re-
ceive a lower-than-expected frequency.
(See Fig. 1). If the star were coming
toward us a higher-than-expected fre-
quency (or violet shift) would be ob-
served.
Every observable star, no matter
which direction the astronomer looks,
has this red shift and hence must be
moving away from us. From this the
astronomer says our universe is expand-
ing.
At the same time, another interesting
observation has been made of the red
shift—the greater the distance of a star
from us, the greater its red shift, and
hence its velocity away from us. And
we may ask, what is the explanation for
this? The most obvious would be that
the outward speed of the stars is in-
creasing with their distance from us. In-
such a case expansion of the universe
would be accelerating, that is stars
would be flying apart at faster and fast-
er speeds.
But as a second interpretation we
might remember that these stars are
many light years distant from us, and
the light (hence the red shift) that wc
are ob.serving now from them vsas cre-
ated manv years ago. The stars which
are very distant appear to be going away
faster than nearby stars whose light we
see almost immediately after its crea-
tion. It would thus seem that many
years ago Avhen the light from the dis-
tant stars was created, all stars were
mo\ing away very fast, and that since
then they have slowed. If this Is true,
we have a universe whose expansion is
decelerating or whose stars are movina:
apart at slower and slower speeds.
A third case could exist—a combina-
tion of the two already mentioned cases
creating a constant expansion. Or do
any of these contradicting cases exist?
There is a precarious possibilitv of con-
fusion, for the first suggestion hangs on
an element of distance between stars,
while the second is based on a direct
time element. May the reader be now
warned that the suggestions made are
merely pseudosolutions of the phenom-
enon.
In addition to the facts and three sug-
gestions already given about the red
shift, it is known that stars at equal
distances from us give equal amounts of
red shift, hence must have equal veloci-
ties. Also we know that the universe is
regulated by two important rules set
forward by Einstein. First, that all
bodies in it are nonpreferential, that is
we would observe the same phenomena
if we were standing on any other star
of the universe. (We are neglecting
here small cyclic motions due to solar
systems, for in effect the solar system
is a part of its star. ) Secondly, the speed
of light is constant throughout the uni-
verse in every direction, no matter what
its source or the velocity of its source.
This means that while a light source
moving away from us sends a lower-
than-expected frequency, the speed at
which the energy (light) in that fre-
quency is coming toward us remains
constant, no matter what the light
source's velocitv.
At this point let us perform an analy-
sis showing that the problem of whether
the universe is expanding at an increas-
ing, decreasing, or constant speed is un-
solvable as .<riven here. This analysis will
provide background for a proposed solu-
tion to the problem.
First let us establish a relationship
between star velocities at a given instant
of time, and by doing so clear the air
of confusion caused by the time lapse
between light creation and reception.
Assume we have three stars equally
spaced on a line such as those in Fig.
2. An observer on the center star (B),
by the fact that stars at equal distance
have equal red shift must see both stars
A and C moving away from him at
equal velocities, though in opposite di-
rections. To an observer on star A, star
B will be moving away at that same
velocity. Let us call that velocity V,.
Meanwhile star C is moving away from
B at V, also, and must thus be moving
away from star A at 2Vi, twice the
velocity. Now, since stars at equal dis-
tances have equal velocities, we can re-
move the straight line condition and
make the statement, "a star twice as dis-
tant as a given star will be going twice
as fast as that given star."
This simple specific relation suggests
a general one to the effect, "the velocity
outward of any star is in direct propor-
tion to the distance of that star from
the point of observation." Indeed this
suggested relationship is a valid one and
can be shown by an extension of the
above specific proof. Consider the first
three stars of Fig. 3 as a system alone
such as we had in Fig. 2. This will
establish that C goes twice as fast as
B, or 2Vj. Now consider stars BCD
as the system of three that we previous-
ly had in Fig. 2. In relation to B. C is
moving away at Vj, and star D is mov-
ing away from B at 2V,. D"s net ve-
locity away from A will then be the
sum of its velocity away from B and
B's velocitv awav from A. That sum is
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\ 1 + 2V, = 3Vi. By similar process
it can be shown that star E is moving
away at 4V,. F at 5V,. etc. This proc-
ess may be apph'ed to any series of actual
stars by substituting: imaginary stars in
the gaps where reals do not exist.
This proof shows that at a given m-
-rant of time, stars at a greater distance
trom us are moving away at greater
rates of speed. It thus appears to satisfy
the first suggested solution to our prob-
lem, that our universe is expanding at
an increasing speed. But let us think-
about the situation more carefullv.
Ir the stars of Fig. 2
along in the uni\erse. Could they not
all be slowing down, but yet the outer
stars be going faster because their origi-
nal velocities were greater? The pseudo
proofs have led us astray by mixing up
distance and time relationships and b\
making us think that a proof of sug-
gested case one or two is proof of an
accelerating or decelerating universe.
Our mode! in Fig. 3 gives an instan-
taneous relationship that clears the air
of this confusion. It is now easy to see
that all stars could be speeding up, slop-
ing down, or remaining at constant
speeds. The speed of a star has nothing
to do with its change in speed. Any one
of three possibilities could now exist,
and still satisfy all the given and de-
rived conditions.
First— The universe could be un-
dergoing a rate of change which is de-
pendent on distances between the stars,
that is when two stars are a certain dis-
tance from each other, they must be
traveling away from each other at a
certain velocity.
Second— The universe could be un-
dergoing a rate of change which is de-
pendent on time, that is over a certain
lapse of time stars change their veloci-
ties a certain corresponding amount.
One thing must be pointed out here.
Xomially we think of acceleration with
time as an addition to the velocity made
over a period of time. But a proportion
is destroyed when addition is made to
one of its parts, and we must retain the
distance-speed proportion derived earlier
in this paper. To get around this we
shall use multiplication, which does not
destroy a proportion. Acceleration as a
function of time thus becomes a process
: all speeds being multiplied by a cer-
tain constant which represents the pro-
portional increase in their speeds over
a given period of time.
Third— The universe could be un-
dergoing no rate of change whatsoever,
but only a constant expansion. The
speed over every star would remain ex-
actly what it is now. We can check
with Fig. 2 to make sure that such a
situation could exist. If no velocities are
changing, star B. at velocity V, will
travel to position C in just the time it
takes star C to travel at velocitv 2V,
\
\V^
o "i i L L i
Fig. 1. The star coming toward us "pumps" its frequency into us creating
a higher-than-expected frequency for us to observe. Likewise the star below
it moving away draws its frequency out, causing us to observe a lower-
than-expected frequency (red shift).
V, 2V,
©
D
®
-X-
©
2D
Fig. 2. Stars A and C as seen by observer on B.
Fig. 3. Extension of proof referring to Fig. 2.
to a position at distance E. The distance-
speed proportion is retained.
It should be noted that a combina-
tion of possibilities one and two above
can not exist, for in fact case one could
be considered a specific case of the gen-
eral case two. In other words, a time
situation could be arranged .so that it
appeared to be a distance controlled
situation. Such a combination would be
arranged by making the acceleration
multiple 2 for the time period required
for star B in Fig. 1 to reach position C.
At that time star C v.-ould be reaching
position E. Both stars would have
doubled their speed, and would be in
positions previously occupied by stars
going the exact speeds B and C are
going. Thus the situation appears to be
distance controlled, while it is really
a special case of time control. The same
type situation can take place equally
well for the deceleration possibility.
We must now accept the universe as
expanding at an accelerating, decelerat-
ing, or constant rate, and as a function
of time, not distance. Our problem now,
to which the remainder of this paper
is de\oted. is finding a method of gath-
ering the additional facts necessary to
determine the rate of change of the imi-
verse's expansion.
Perhaps the most obvious method to
find whether stars are speeding up or
slowing dov.n in their travel away from
us is to observe them over a period of
time. If their red shift changes over
this period of time, we should certainly
suspect that their \elocities are doing
likewise. If the red shift of a star is in-
creased, that star would be moving away
from us at a faster speed, and the uni-
verse would be accelerating outward.
Likewise, less red shift would indicate
a decelerating universe. These observa-
tions would also tell us what the rate
of acceleration or deceleration is and
whether it is the right amount to make
the time situation appear to be a distance
situation.
This method of gathering f.icts is
straightforward and looks \ery good on
paper, but unfortunately its application
is not practical. No appreciable change
in red shift can be detected, even when
ob.serving a star for quite long periods
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of time. Does this indicate that the uni-
verse's expansion speed is constant, or
that it is changing so slowly that time
enough has not elapsed for us to detect
it? Such difficulty suggests that we need
a method which enables us to make an
observation of a velocity that was per-
formed many years ago. Just such a
principle is the base for the next sug-
gestion to be made.
A Proposed Experiment
Again we shall return to the situa-
tion of Fig. 3 which is redrawn in Fig.
4 with additions. Here though we are
not concerned with the entire instan-
taneous situation, but only the situation
that could be observed on star A in one
moment. Herein lies the beauty of this
plan—all data necessary is gatheied
within the short period required to make
the necessary measurements. There is no
waiting for the red shift of a star to
change, but instead use is made of the
varying times required for light to travel
from stars of varying distances.
In working this out it will be as-
sumed that velocities of all stars are con-
stant. If then, in actual measurements,
there is a discrepancy with our calcula-
tions, we will know that star velocities
are in some way changing. From the
nature and the extremeness of the dis-
crepancy it can be determined whether
acceleration or deceleration is taking
place and in what magnitude.
The first step is to find two stars
at proper distances. Once again they do
not have to be in a straight line as the
figure and following argument imply,
but may be moved an\'^vhere so long as
they remain at their given distances.
The straight line is merely a tool for
simplifying the argument.
With our stars arranged as they are
in Fig. 4, assume that from star A we
observe B moving away from us. Noting
the red shift from B we find its velocity,
which we know was its velocity a cer-
tain time ago. (that time ^ D over C,
where C = the speed of light (. Let us
name the instant of the creation of that
light /. Also from findings we made
earlier in this paper it can be said that
if a star were at distance 2D it would
be traveling away from us at twice the
velocity of B. But can we see that star
at 2D (or C on the diagram) ? We can
see the star, yes, but we can not see it
in position C! The light created by star
C at instant t has twice as far to come,
hence must spend twice as long in travel
to us, and has not yet reached our view.
We shall look for star C in position C
and record the amount of its red shift
there to find its velocity.
Position C is found by breaking the
distance between positions B and C into
two parts, a and b as labeled on the dia-
gram. The distance D then equals a
plus b. The distance b is traveled by
star C during the time that light from
Fig. 4.
star C is going from position C to B,
for if we observe C at the same time
we do B, the light from those stars had
to leave position B at the same time.
The time required for light to move
from C to B is merely a over C, where
C again equals the speed of light. That
time multiplied by the star's velocity
(which is 2V, for we are assuming
velocities remain constant!) equals dis-
tance b. We may now write the equa-
tions :
b = a(2VJ
C
D = a + a(2V,)
C
which is rewritten:
D
a = V, + l
c
The distance to position C, from star
A is merely D plus a.
The light from star C that we are
now observing was created long before
the light from star B. But they are a
combination of stars from which the
distance-speed proportion derived earlier
must hold. Thus in the combination of
Fig. 4, the velocity observed coming
from star C in position C should al-
ways be just twice that of star B, if th(i
velocities are remaining constant as aS;
sumed.
If the star in position C is goinj
faster (greater than 2V, ) than we hac
expected by our calculations, we ma?
assume that since its light was createc
first, the outward velocities of stars havi
slowed down since then. Liwekise if th«
velocity obsened for the star in posii
tion C is less than expected we may as<
sume that the imiverse is speeding up
in its expansion. Of course an observaa
tion of the expected velocity indicates
constant expansion of the universe.
These deductions are not quite s(-
straightforward as they might seem ai
first glance. In the cases of increasinfi
and decreasing velocities the star wr
observe in position C is not star C,
but some extraneous .star which just hapi
pens to be in the right position. Thj
cause for this misplaced star is our usinji
a constant velocity to find position C
If velocity has been varying, the position
will of course be incorrect. Figures
and 6 explain how in spite of a mistaken
identity, we can tell whether the unii
verse expansion is speeding up or slowi
ing down.
(V'lr comlusKjiis of these deduetions see f(ige 27
)
®
®
®
® © WE CALCULATE
® © REALLY IS
(g) (§)©© OBSERVE B^C"
Figure 5. Situation of universe speeding up. We are looking for a star in
marked position. It is going slower because (1) past stars were going
slower. (2) This star is nearer than actual star C.
®
®
®
® © WE CALCULATE
(B) (C) REALLY IS
® ©©© OBSERVE B^C
Fig. 6. Situati®n of universe slowing down. We are looking for a star in
marked position. It is going faster because (1) past stars were going faster.
(2) This star is more distant than actual star C.
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Introduction
It is possible today to successfully
launch artificial satellites and space ve-
hicles. The major problems ot getting
these vehicles into orbit or free from
the earth have been solved, and a num-
ber of vehicles loaded with scientific re-
search instruments have been launched.
With only a iew exceptions, all these
satellites and space vehicles have sent
back the data they have gathered by
means of transmitted radio signals. Al-
though much information has been
gathered in this way. in the radio trans-
mission, distortion and interference are
introduced into the signal, resulting in
accurate data being unobtainable. In
order to obtain accurate data it is high-
ly desirable that the instrument pack-
age be recovered. In order to do this the
satellite must reenter the atmosphere.
Reentering the atmosphere at space ve-
hicle speed (about 25,000 m.p.h.) poses
problems in aerodynamic heating effects,
large decelerations, and control over
the landing place of the vehicle. To suc-
cessfully recover these space vehicles,
solutions to these problems must be ob-
tained.
Since the recovery of space vehicles
is so important, especially in the case of
a manned vehicle, much research has
been done on these problems. As a re-
sult, a number of solutions have been
obtained, and a number of reentry
methods have been suggested. Here
some of these methods will be presented
along with some of their advantages
and disadvantages. But first, an analysis
of the nature of space vehicle reentry-
will be given.
Background
As a body approaches from outer
space, it enters into the Earth's gravi-
tational field. It is attracted to the
Earth by a force which varies directh
as the product of the masses of the two
bodies and inverseh' with the square of
the distance between them. This force
has a magnitude gi\en by the formula:
m, m.,
F = G ^
r-
where F = force on body
G = gravitational constant
m, = mass of body
m._. = mass of earth
r = distance between centers of
mass of two bodies
Now as the body approaches closer
to the Earth, the force on the body be-
comes greater, resulting in an increase
in the magnitude of its acceleration (at
the velocities considered, relativity ef-
fects can be considered negligible, and
the mass can be considered a.s constant).
As the time the body travels increases,
the magnitude of its velocity increases.
This results in the maximum velocity
being attained at the Earth's surface
(neglecting atmosphere). As the bod\
comes closer to the Earth, more and
more of its potential energy is convert-
ed into kinetic energy, the kinetic en-
ergy reaching a maximum at the Earth's
surface.
When a bod> traveling under these-
conditions enters the atmosphere, it ex-
periences extreme aerodynamic heating
effects and large decelerations, result-
ing in great stress being placed upon
the body. These two conditions along
with guidance and control of the body
comprise the major problems ot space-
vehicle reentry.
Nature of Space Vehicle Reentry
Conditions
There are a number of methods by
which a space vehicle could safely enter
the atmosphere. These methods involve
the use of drag devices, retro-rockets,
and aerodynamic lift. But first an anal-
ysis of the nature of the conditions con-
fronting a reentering space vehicle must
be made.
Consider a space vehicle approaching
the Earth at the escape velocity (about
25,000 m.p.h.). The vehicle will enter
the Earth's atmosphere at some entry
angle. (The entr\' angle is the angle
the vehicle makes with the local hori-
zontal upon entering the atmosphere.)
Two conditions govern the angle at
which the space vehicle may safely
enter. These conditions are skip and
peak deceleration. If the \ehicle enters
at too small an angle, it will skip out
of the vehicle trajectory. A space ve-
hicle skips can he seen by an anhsis
of the \ehicles trajectory. A sp.ice ve-
hicle entering the atmosphere at small
entry angle travels almost parallel to
the Earth's surface. In this condition
the vehicle has a centrifugal lift force
component greater than the force of at-
traction of the earth at the altitude
where the effective limit of the atmos-
phere can be considered. In order to
prevent skipping at grazing entry an-
gles, the vehicle would have to be travel-
ing at this altitude about 18,(MM(
m.p.h. .At orbital \el(x-ity, the cen-
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trifugal litt force component of the ve-
hicle is equal to the force of attraction
of the earth. Therefore there is a def-
inite minimum angle at which the ve-
hicle may enter. For a non-lift vehicle
entering at the escape, lunan or inter-
planetary velocity (about 25.000 m.p.
h.). the angle of entry would not be
less than 4.5 degrees.
As the reentry angle is increased, the
peak deceleration of the vehicle in-
creases, and the amount of deceleration
that can be tolerated determines the
maximum peiTnissible reentry angle.
Peak deceleration is the maximum de-
celeration experienced by the vehicle. It
is the minimum deceleration needed to
prevent the vehicle from burning up in
the atmosphere or crashing into the
surface of the earth due to excessive
velocity. In the case of a manned ve-
hicle, v.here the magnitude of the maxi-
mum deceleration has a definite value,
this angle has rigid limits.
It has been determined that a vehicle
entering at satellite speed (about 18,-
000 m.ph.) at an angle of entry less
than 1.5 deg. will experience a decelera-
tion of about 8.5 G. Peak deceleration
will increase very- rapidly with increas-
ing reentry angle, reaching values of
11 G for an angle of entry equal to
3 deg.. 16 G for an angle of entr\
equal to 5 deg.. and 20 G for an angle
of entry equal to 6 deg. For a manned
vehicle entering at escape, lunar, or in-
terplanetary velocity the conditions of
peak deceleration and skip define an
entry "corridor" about 2 deg. wide. Ex-
tremely accurate guidance systems and
very sensitive controls are required to
enable a vehicle to enter and stay with-
in such a narrow corridor. Therefore, it
is extremely desirable to find a method
of effectively widening this corridor.
This can be done by reducing peak G
and reducing the magnitude of the skip
angle.
After the vehicle has reached a ve-
locity approximately equal to orbital ve-
locity, the vehicle begins to spiral down
to the earth. As the vehicle drops
through the atmosphere its potential en-
erg\- is converted to kinetic energy- and
it begins to gain velocity. When the
atmospheric drag becomes greater than
the amount of potential energ>- being
transferred to kinetic energy, the ve-
hicle begins its plunge toward the Earth.
The plunge phase begins when the at-
mospheric drag reduces the vehicle's ve-
locity and centrifugal lift below that re-
quired for orbit.
As the vehicle moves through the
atmosphere at the high speeds encount-
ered during reentry, it experiences ex-
treme temperature rises due to aero-
dynamic heating effects. This heating is
caused by friction between the vehicle
and the atmosphere and compression of
the gases piling up in front of the ve-
hicle. At steep angles of attack the ve-
10
hide can experience temperatures up to
5000° F. Therefore, it is necessary to
keep the velocity of the vehicle low
enough so that this heat can be dissi-
pated by the means available.
Some of the methods available for
safe space vehicle reentry vrill now be
examined. These will be the retro-rock-
et, multiple pass, and aerodynamic lift
methods,
Retro-Rocket Method
One method of effectively widening
the reentry "corridor" is by the use of
retro-rockets. Retro-rockets are rockets
used for braking purposes. This can be
done by placing the rocket motors in
such a position that when they are fired
their thrust is directed in a direction
opposite to the velocity of the vehicle.
A space vehicle so equipped would.
upon entering the vicinity of the at-
mosphere, fire its retro-rockets. This in
turn would slow the vehicle down. Since
the vehicle could be slowed down to a
speed some-what less than orbital speed
(about 18,000 m.p.h.), skipping would
not occur. Also since the vehicle is
going slower, peak deceleration would
not be as great for a given entry angle,
and this in turn would allow for a
wider reentn' corridor. Once the ve-
hicle has slowed down enough and has
entered denser atmosphere, parachutes
could be used to bring the vehicle safe-
Iv to the groiuid.
Although the method of retro-rocket
reentrx' is the one now used it has some
inherent disadvantages. The biggest of
these disadvantages is that the vehicle
must carr)- an extra supply of fuel for
the retro-rockets. The fuel is bulky,
carries a severe weight penalty, and
reduces the size of the payload able to
be carried. Secondly, the rockets have to
be fired with precise control in order
that the vehicle land within a prede-
termined landing area. This is not eas\
to do. Thirdly, for a given payload a
certain amount of retro-rocket fuel
would be needed, and since this would
be added weight, the launching rocket
would have to be larger.
Notwithstanding these disadvantages,
this is the method which will be used
in the Mercury project that will put a
man in space, and the method now used
for the Discoverer project in which a
few satellite recoveries have been made.
Multiple Pass Method
Another method by which a space
vehicle could be entered into the atmos-
phere is by the use of aerodynamic drag.
In using aerodynamic drag a device is
used which reacts with the atmosphere
in such a manner as to produce a drag
force. This drag force is produced by
both pressure drag and friction drag.
This method utilizes the multiple
pass idea of reentry in conjunction with
skipping. A space vehicle, approaching
the Earth along a parabolic arc. would
enter the atmosphere at a small entr
angle. The small entry angle would
allow the vehicle to skip out of the at-
mosphere. However, while it was in the
atmosphere its velocity would be some-
what reduced due to drag. After skip-
ping out, the vehicle would travel
around the Earth in an elliptical tra-
jectory. When it again came to its peri-
gee it would enter the atmosphere, slow
up, skip out, and travel along a smaller
elliptic path. This process would be re-
peated several times until a circular
orbit is achieved. The vehicle, now
traveling at satellite velocity, could not
skip and drag; slowing it up would
cause it to spiral toward the Earth.
Since its velocity is reduced, peak decel-
eration would be reduced, and therefore
the reentn,' corridor would be widened.
The rest of the operation would be the
same as for the retro-rocket.
The multiple pass method has a(l-
vantages over the retro-rocket in that it
does not carry the severe fuel-weight
penalty, and therefore a bigger pay-
load for a given launching vehicle can
be carried. However, the multiple pass
reentry method takes longer to enter
the atmosphere, the guidance problem
is hardly simplified, and control over
the landing place is difficult to achieve.
Aerodynamic Lift Method
C^ne of the most promising methods
of reentering the atmosphere is one that
makes use of aerod\namic lift and drag.
This method promises a direct way of
entering the atmosphere with good con-
trol over the vehicle and of the landing
area.
Essentially this method consists ot
using aerodynamic lift to control the
vehicle's path while it is entering. For
example, consider a space vehicle enter-
ing at the escape velocity. In order to
safely enter the atmosphere and avoid
skipping and excessive decelerations, the
vehicleniust enter through the 2 de-
gree wide corridor described above. If
a vehicle employing aerodynamic lift
should, through error, enter at too steep
an angle, it could correct its flight path
by utilizing positive lift to bring it with-
in the limits of the safe entry corridor.
Conversely, if it should enter at too
shallow an angle, it could correct its
trajectory and prevent skipping by using
negative left. Thus by employing aero-
dynamic lift during entry, the range of
permissible entry angles is increased and
the entry corridor is effectively widened.
It has been determined that for a
lifting vehicle approaching the Earth
with a velocity of about 35,000 ft. sec.
and employing positive lift up to peak
G and negative lift after peak G. that
the vehicle will not skip out of the
atmosphere for entry angles as low as
4.5 deg. If negative lift is employed
intially the minimum entry angle is re-
(Continucd on Page 28)
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After Graduation?
H. L. Wakeland
Most engineering students face the
future with mixed emotions as gradu-
ation approaches. Graduation is usually
celebrated through commencement exer-
cises and this event is well named as it
marks the commencement of vet an-
other phase of life. Graduation from
elcmentar\" and secondary schools sim-
ply marked the commencement of fur-
ther education for college graduates, but
graduation from college will mark the
commencement of a productive life for
those accepting employment.
What will the future bring? That
depends entirely upon the individual and
the foresight he uses to plan for the
future. For most college graduates, life
has been planned and organized for
them thus far. In pre-coUege schooling
not much choice was offered in course
work or programs available and when
a decision was required. Mom and Dad
or teachers were willing to provide
guidance. "College days" brought great-
er freedom in studies but for most the
economic planning was still done by
Mom or Dad. Likewise, "college days"
were not completely void of academic
guidance from parents or teachers. The
college graduate is faced with planning
his own future and his growth depends
largely upon his own foresight, initia-
tive and perseverance.
An engineers achievement during the
first ie\\- years after graduation usualh
detennines whether he will attain
eventual success or mediocrity and the
achievement during the first iew years
isn't necessarily measured in dollars and
cents but in individual development.
During these first productive years an
engineer should outline for himself a
program of professional, cultural, and
civic growth and periodically appraise
his progress towards these goals. Goals
which should be included in an indi-
vidual program are:
1. growth through work or training
on the job.
2. growth through further educatio.n.
and
3. growth through professional pro-
grams.
The new graduate's first responsibil-
ity- is to his new employer and he should
place the performing of satisfactory-
work abo\e all other goals. A new em-
ployee may have good ideas and be a
likeable person, but if he doesn't per-
form the tasks assigned him, he is an
unsatisfactory employee. On the first
job. the tiew employee should not be too
quick to accept memberships, commit-
tee assignments, or other positions that
will drain off time and effort. Rather,
he should become accustomed to his
new position and its responsibilities and
then accept extra a.ssignmcnts as time
peniiits.
The new engineer has an opportunity
to learn through the experience of others
if he will accept their guidance and di-
rections. In each facet of his work he
should seek thorough understanding and
take advantage of the growth oppor-
tunity through experience.
Secondly, a new engineer needs to
further his education for techiu'cal de-
velopment as well as cultural develop-
ment. Thirty years ago most of our en-
gineers had only one or two courses in
electricity and yet many of them were
instrumental in improving the radio and
communications system. Without fur-
ther technical study they would have
been unable to carry on this work.
Cither developments, such as pre-strcssed
concrete, jet engines, and rocketry, also
require men who had continued to im-
prove themselves technically. The next
thirty years will bring technical ad-
vances as great or greater than those in
the past thirty years, and an engineer
who doesn't further his technical knowl-
edge will find himself "outdated."
Opportunities for further educarion
are readily available in the form of night
schools, correspondence courses, educa-
tional programs offered by employers or
through courses in commiuiity colleges.
The gre.-itcst opportunity, though, is
through planned self-study programs.
Formal course work provides a frame-
work and schedule from which studies
may be programmed, but only self-study
allows the freedom of concentrating on
the more interesting subjects or the
broad scope of coverage sometimes de-
sired.
Engineers normally have not had time
in their undergraduate studies to in-
clude much course work in cultural sub-
ject.s. The engineer needs to develop in
this area as well as in technical areas,
The engineer with a will rounded edu-
cation is the person most likely to ad-
vance in ain organization.
The third responsibility the new en-
gineer has to himself and his employer
is to identify himself professionally and
to develop professional affiliations. One
of the common ways to become identi-
fied professionally is to become regis-
tered, by law, as an engineer in the State
where he practices. Kvery State in the
L nitcd States now has registration laws
and registration may be obtained by ex-
amination. Every major branch of en-
gineering has a professional society and
membership in these organizations pro-
vides professional affiliations. .Most in-
dustrial groups recogm'ze professional
affiliations and professional engineering
registration through the engineer's pay
check as well as through his advance-
ment. They realize the importance of
both and the new engineer cannot af-
ford to forsake his professional devel-
opment.
Each graduate's ultimate success or
failure will depend largely upon his
professional, cultural, and civic devel-
opment after graduation. This develop-
ment in turn will depend upon whether
the graduate has the ability to outline
a well defined program and carry it to
completion. Several publications are
available which might help a new gradu-
ate plan this type of a program, (^ne
entitled, "The First ^ Years" may he
obtained in the College of Engineering
Placement Office. Room 100, Civil En-
gineering Hall. Others entitled, "A
Professional Guide for Young Engi-
neers," "Selected Reading List," "Per-
sonal .Appraisal Form, " "Canon of
Ethics." and "Faith of the Engineer"
may all be obtained in one kit by send-
in two dollars to Engineer's Council
for Professional Development. 2*^ West
39th Street, New "\'ork 18, New 'York.
If you are interested in insuring your
personal development, define your ob-
jectives and outline a program at grad-
uation time. L'se the aids mentioned
above or others available to help outline
your objective. Perimlicallv appraise
\our progress towards these goals and
your chances for future success will be
greatly improved.
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THE WINDING ROAD
A pi il hiiiii/s Lfislir I (Udtiijii (iiiil the trips ice htivc so
long planned lor. The folloicing is of ii trip e/ieli of us
sometime in our lives also must tah. II e add steps in a
direction of uhieli only ice knoie and our days fuse one
into another.
For some of tis the road ivill never end. and lor others
it never leaves the dimensions of the mind. Ihit for a feiv
it ivill find its end atop the lonely i\It. Golgotha.
Some have traveled this road before and found nothing.
Their road was dust\', bitter, full of fear,
And wound round and round as if it didn't know
Where to go.
Some of us don't know what it is out there.
Others say they know, but are they really sine?
Some accept the words of others never questioning the
Mind behind man. A few do know and don't
Need to look—but they do, they feel a need
To renew their view.
Some will watch the road ahead b\- watching
At their feet below. Watching for the shortcut
—
The easy path ahead. They too get lost in the dust
And fog, and never find their way.
A few will fix their eyes ahead—searching, piercing.
Praying, marching. This road can stn^ely be stiaight
And true
—
yet road and dust still are living.
Ever searching, ever restless and wandering
—
Never wait till the dust does die, but throw a side
Glance and move on again, ever searching.
Ever wandering.
Some have traveled this road before, dvisty, some
Have found it straight and true. Dusty—oh so dusty,
Searching always searching, looking, hoping, never
Finding.
And there it is, but \et unknown, a look of
Sadness on that throne. A bit of dust across his
Eyes, or is it I that cannot see. Some will pause
To drive a spike or two—and some will kneel in
Rexerent prayer and pray to Cjod their Journe\'s end.
And as they pray the dust did die. And there it is,
The water pure—the grass is green, and the air is fresh.
And the way seems clear. He kn«ws why he hangs
Up there—saying nothing—always watching, waiting
For others to follow
—
perhaps a few of us.
Mark Hanson
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HIGH-STRENGTH
STEEL BOLTING
By Michael D. Murphy
About ten years ago a new principle
in structural engineering was introduce 1
in the form of high-strength steel bolt-
ing.
These are bolts which can be sub-
jected to high tension which is necessary
in their application to structural frame-
work. Each bolt, nut and two washers
which make up the fastener must con-
form to American Society for Testing
Materials Specification A-,i2>58T. The
bolt is made from a medium carbon
steel, is heat treated, quenched and tem-
pered. The nut is made from a similar
steel, but no heat treatment is required.
The hardened washers are either
quenched and tempered, or carburized,
quenched and tempered.'
The prime reason for the develop-
ment of the high-strength bolt was to
obtain a fastener upon which a prede-
termined amount of tension could be
applied. If this condition could be ac-
complished then a positive gripping force
could be brought about in each bolt and
would not have to be left to chance as
in the case of contracting rivets.- This
work was accomplished chiefly by the
Research Council on Riveted and Bolt-
ed Structural Joints of the Engineering
Foundation.
'
All of the individual uses of these
bolts are too numerous to mention. Has-
ically they are used to make field con-
nections in the steel framework of vari-
ous structures. Many of the office and
factory buildings constructed in the last
decade have had their framework joined
by this tvpe of fastener. Railroads have
recently begun to use bolts instead of
rivets in their bridges and overpasses.
Buildings which after a number of
years have begun to need framework
repair have in many cases been rehabili-
tated by replacing fatigued rivets with
high-strength bolts. The use of bolts
in high-tension power line towers ex-
posed to the effects of weathering is
highly recommended for reasons whicli
will be discussed later.
Primarily there are two tvpcs of high-
strength bolts on the market. The origi-
nal bolt is the type currently produced
by the Bethlehem Steel Company. This
fastener consists of a bolt, a nut and
two washers. The shank of the bolt is
smaller in diameter than the diameter
of the hole in which it is placed. This
type of bolt relies entirely on gripping
force to keep the connected members
from slipping. These bolts are tightened
by means of high impact wrenches with
torques varying from 90 lb. ft. to 1.5^1)
lb. ft. and resulting tensions of from
10,850 lb. to 64,000 lb. depending on
the size of the bolt. It is desirable that
the shank of the bolt does not touch the
periphery of the hole as this will in-
crease the stress in the area of the hole.
The purpose of the washers is to pro-
tect the surface of the connected mem-
bers in the area under the head and
nut from being damaged when the nut
is torqued. Another purpo.se of the
washers is to distribute the stress pro-
duced by the high tension in the bolt.
The absence of washe?s would result in
high stress around each hole. Slippage
will occur if the member is ovcrioadeil
or the bolt is not properly run up. This
can be prevented by taking certain
measures into consideration. Among the
more important steps to be followed air
being sure that the impact wreuchc-s
are properly calibrated and also keeping
the surfaces that will lie under the
washers free from ilirt and paint. Tests
have also shown that galvanized sur-
faces will also induce slippage. Tiie
standarils for manufacturing these
bolts are clearly set forth in specification
•A-325-38T. Concerning the materials
and manufacturing of high-strength
bolts the specification states: Holts or
studs shall be heat treated by quenching
in a liquid medium from above the
transformation temperature and then
tempering by reheating to a nu'nimum
temperature of SdO !•", threads of bolts
or studs may be cut or rolled, nuts need
not be heat treated aiui washers shall
be either quenched and tempered, or
carburized, quenched an<l tempered.
Mechanical requirements in regard to
hardness of washers and bolts are clear-
ly set forth. The percentages of carbon,
manganese, phosphorous and sulphvn-
that are to be used in the marnifacturing
processes are describeil, as are the tensile
requirements, the methods of testing,
and inspecting. These bolts arc avail-
able in diameters ranging from
-"'s
in.
to 1 '4 in. and in lengths from 1 ' . in.
to S in.'
Another type of high-strength lK)lt is
that which is handled by the Automatic
Nut Company. The bolt stock is manu-
factured by the Bethlehem Steel Com-
pany. The threading, interrupted rib de-
sign and special features of the self-
locking nut are all processes carried out
by the .Automatic Nvit Company. Since
this bolt is manufactured by the Beth-
lehem Steel Company, the specifications
previously listed for materials, manu-
facture and strength also apply to this
fastener. The primary difference be-
tween this bolt and the above mentioned
one is that the shank of the bolt in the
area between the head and the threads
is actually larger than the hole into
which the bolt is to be placed. Since
the bolt is larger it must be driven into
place with a hammer. An ordinary 3
to 5 lb. hammer is sufficient for this
purpose. This area which is larger than
the hole is made up of a series of ribs
which cut grooves into the periphery of
the hole as the bolt is being driven in.
The main objective of this bolt is to
place the fastener in bearing. Because
of this initial bearing there can be no
slippage of the connected members. An-
other importatit factor of this induced
bearing is that the bolt does not have
to be put under additional high tension
due to the fact that a high gripping
force is not necessarv. Resulting from
this feature are several more conveni-
ences, for instance, since the nut docs
not have to be highly torqued an ordi-
nary hand wrench is all that is neces-
sary for running it up. This low tension
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means washers are not necessary and
the hex head of the conventional bolt
can be replaced by a rounded head hav-
ing a flat surface at the very
end to
facilitate easv hammering. Although not
necessary in some cases, the
Automatic
Nut Company has available a selt-lock-
ing nut. A chrome-vanadium steel pm
locking device is securely locked
into
the nut, and in turn, locks the nut se-
curelv to the bolt. The end of the lock-
ing pin travels between the bolt threads.
It automaticallv assumes a fixed angle,
establishing a point of impingement
against the bolt and maintaining a se-
cure anchorage against vibration and
shock. This pin acts as a ratchet, mov-
ing the pin up as the nut is tightened,
but making it impossible for the nut to
become loose. An additional feature of
this nut is that the underside of
the
head is tapered so that the greatest bear-
ing is near the outer circumference
of
the head resulting in less stress near
the hole. The interrupted ribs of the
bolt do not peel off when driven in
place and do not pack under the head.
Since the bodv-bound feature eliminates
the possibility of slippage in the
joints,
the members can be painted or galvan-
ized if desired. For structures
exposed
to the weather galvanized components
are available.''
In May 19=i9, the data from tests
conducted' by Dr. Warren C. Young,
Assistant Professor of Engineering Me-
chanics at the University of Wisconsin,
were published. The tests conducted at
the request of the Automatic Nut Com-
pany produced definite results which
clearly showed the relationship between
the high-tensile strength structural
bolts.
As far as deformation is concerned, up
to a certain point both types of bolts
act approximately the same. Greater
loading proved that the interrupted-
bolt prevented slip which was noted m
the hex head bolt. Also shown in the
test was the tendency for the interrupt-
ed-rib bolt to carry a greater shearing
load because of its larger cross-sectional
area.'^
Many advantages can be had by the
use of high-strength structural bolts.
Greater clamping force can be obtained
which results in greater fatigue strength.
High-strength bolts are permanent, for
to date none have loosened which were
properly installed. Of greater import-
ance to railroads in particular is the
fact that the nuts on these bolts resist
loosening when subjected to extreme re-
versed loading such as that applied in a
railroad bridge. From the viewpoint of
installation high-strength bolts possess
many conveniences not found in rivets.
Bolts are installed cold and consequent-
ly there is no fire hazard. These fasten-
ers are easy to assemble and can be put
in place by smaller, less experienced
(Continued on Page 29)
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High tensile strength boUs of interrupted-rib design were used in
the
erection of power line transmission towers 398 feet high.
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Is your future up in the air?
As the communications needs of our nation become steadih'
greater and more complex, the Bell Telephone S>stem is
continuing its pioneer \\ ork in micro\\a\e b\' "taking to the
air " more and more to get the word across.
To this end. Western Electric — the manufacturing arm
of the Bell S\stem — has the monumental task of producing
a large p;ut of the microwave transmission equipment that
knits our country together by shrinking thousands of miles
into mere seconds.
In spite of its great technological strides, the science of
radio rela\- is a rapidl\'-changing one. .-Vnd new break-
throughs and ad\ances are common occurrences. A case in
point: our Bell System 'TH" Microwave Radio Relay. This
newest de\elopment in long-distance telephone transmis-
sion will eventualh- triple the present message-carr> ing
capacity of existing long-haul radio relay installations. .\
fuU-saile s\stem of 6 working and 2 protection channels can
handle 11,000 telephone messages at the same time.
To make micro\va\e work takes a host of special equip-
ment and components: relay towers, antennae, waveguides,
traveling wavetubes, transistors, etc. But just as important.
it takes top-caliber people to help us broaiien our lion/ons
into such e.xciting new areas as communication b\ satellites!
.\nd microwave is onl\' part of Western Electric's oppor-
tunity story. We have—right now—hundreds of challenging
and rewarding positions in virtuallv all areas of telephony,
as w ell as in development and building of defense communi-
cations and missile guidance s\stems for the Government.
So, if >'our future is "up in the air," \ou owe it to your
career to see "w hat's up" for you at Western Electric.
Opportunities exist for electrical, mechanical, inciustrial, civil and
chemicoi engineers, as well as physical science, liberal arts, end
business majors. For more information, get your copy of "Western
Electric and Your Career" from your Placement Officer. Or write
College Relations, Room 6105, Western Electric Company, 195 Broad-
way, New York 7, N. Y, And be sure to arrange for a Western Electric
interview when the Bell System recruiting team visits your compus.
MANUFACrUtINC AND su^nT UNtT or TMI till STitiM
Principal manufscluring locations al Chicago. III.; Kearny. N. J.: Ballimore. Md.: Indianapolis. Ind : Allenlown and tajreldale. Pa.. Winston-Salem. N C ; Buffalo. N. Y : North tndoMr.
Uass.: Omaha. Neb.: Kansas City. Mo.: ColumlxiS. Ohio: Oklahoma City. Okla. Engineering Research Center. Princeton. N J Teletype Corporation. Skokie. Ill . and
tittle Rock. Ark. Also Western Electric distribution centers in 33 cities and installation headauarters in 16 cities General headquarters: 195 Broad«ay. New York 7. N *
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there's room to
i
atSIKORSKY AIRCRAFT
A "stream-of-action" environment with unusual growth
possibilities should be a major factor in a choice of
career. And that's an excellent reason for considering
carefully the opportunities existing in Sikorsky Aircraft.
We believe that our company is just the "right-sized
stream". Young engineers can enjoy diversified, small-
group activities, as well as stature opportunities in a
field that is wide open to the expression of imagination
and professional competence.
Sikorsky Aircraft is the company which pioneered the
modern helicopter. Our current program is far-ranging
and is recognized as one of the broadest and most
challenging in the entire aircraft industry.
Work associations are stimulating and in an atmosphere
of progress. Assignments could include joining an elec-
tronic team of twenty to thirty associates—or—working
with a highly selective group of four or five on interest-
ing problems of radiation, instrumentation, auto pilot-
age, automatic stabilization, etc.
If you want to enter this "stream-of-action" , the time is
now. Opportunities for personal progress have never
been greater.
For detailed information about careers with us. please
write to Mr. Ja.iies L. Piirfield. Employment Supervisor.
SIKORSKY AIRCRAFT
DIVISION OF UNITED AIRCRAFT CORPORATION
STRATFORD
CONNECTICUT
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HOW FORGED PARTS
help airplanes haul
bigger payloads
III an airliner, every pound of weight saved is worth hundreds of dollars
... in revenue-making pavload. And in military airrrafl, pounds saved mean
added miles-per-hour ... or added load carrieil.
In commercial products . . . trucks, cars, materials-handling equipment . .
.
the pounds of dead weight )ou eliminate by using forgings make money
year-after-year for the operator. The forging process lets you put the rnclal exactly
where you need it to carry the load, withstand shock or vihration.
endure torsion. And with not a surplus ounce of non-working weight going
along just for the ride.
Forged parts are the designer's friend . . . strong where strength is needed,
lowest in weight, twice-worked by original rolling of the best metals
plus the hammer blows or high pressures of the forging process.
Write for literature to help you specify, design, and procure forged parts.
(AJK£yv\^ /iXb CO x>-tXaje^ \paJtX, , cLe>iyij^<yx, JUb Xo Aye^ FG R.G H
&
Drop Forging Association • Cleveland 13. Ohio
Namtx of spitntonng rom/tu'i*. t.i ifiii magatinf
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PEGGY FLEMING
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Peggy Fleming is this month's "Technobeauty." She is a compact 5' 3" girl
with 36-22-35 statistics. This includes big beautiful blue eyes with a smile to
match. Being a junior in child development, she has varied interests. Aside from
children she likes onion pizza, chocolate candy, green mints, boys, and golf,
not necessarily in that order. She is also a town girl (Urbana town) and an active
member of Alpha Gamma Delta. All interested engineers are invited to analyze
the situation and make adequate proposals.
APRIL, 1961
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IRRADIATION
PRESERVATION
By Irwin E. Tuckman, E.E. '62
On August 5, 1955 a new tool for
research was put into use at the Ar-
gonne labs. The Gamma Irradiation
Facility, as it is called, provides a
means for studying the effects of gam-
ma rays on foods, organic chemicals.
plastics, electronic components, pharma-
ceuticals, and mercury vapor lamps and
probes to be used in highly radioactive
situations.
One of the most interesting experi-
ments being carried out at the facility
is that sponsored by the Army Quarter-
master Corps. The Corps is studying
the sterilization of food by irradiation.
The objective of the study is to deter-
mine whether irradiation can be used
as a substitute for heat and chemicals
as a means of food preservation with-
out impairing the natural colors, flavors,
odors, or textures of the foods. The
Quartermaster Corps hopes that this
method will make it possible to provide
troops with fresh foods even in situa-
tions where supply problems are se-
vere.
At present the food industry uses
canning, which requires that the food
be cooked, and freezing, which provides
fresh food but requires constant refriger-
ation until the product is used. It has
been found that food samples subjected
to gamma rays become sterile through
the destruction of bacteria. In the ab-
sence of bacteria, fresh food remains un-
spoiled for long periods of time without
refrigeration.
In the gamma irradiation experiment
food is protected from exposure to air
by sealing it in cans, but the pre-cook-
ing of the conventional method is not
necessary. Gamma rays, like X-rays, do
not leave a residue of radioactivity, so
food can be eaten immediately after
being irradiated, or kept for a long time
before being eaten.
Conclusive proof of the effectiveness
of this method of food preservation can
be seen on a small table at Argonne.
In the same room v/here the facility is
housed stands a small table with food
samples on it. The different types of
foods are paired in hermetically sealed
plastic bags. Each pair of bags is dated.
One has been subjected to gamma ir-
radiation, the other has not. One of the
best examples is the pair of bags that
originally contained one meat patty
each. Last year when the author of this
article was at Argonne the irradiated
rw:
one was still fresh, and if squeezed its
juiciness was very apparent. The bag
that contained the untreated patty had
nothing left in it but a few brownish
crumbs. The bags had been sealed up
a few years previous. It is important to
note that these food samples are kept
at room temperature and have no spe-
This is a view of the transfer operation. The rack on the left is the irradiation
rack. The man on the right is filling the urns.
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At Convair, we know hovs imporlanl it is to
choose your first association wisely. We can
almost always help to make the decision a little
easier, w hether or not you choose Convair.
No company can be all things to all graduates,
but Convair offers some unusual advantages that
should interest you. \Ve"re a big company, but
provide many of the advantages usually consid-
ered unique to smaller firms. Our engineering
departments, for example, are purposely organ-
ized into small, specialized groups, achieving a
climate of individualism rare in a company our
size. Also, a large organization can pursue a vari-
ety of independent research and technical studies;
its resources provide an extra measure of stability.
Looking for real opportunity? Convair. as a
member of the General Dynamics family, offers
what is probably the most advanced and diversi-
fied list of programs and products in the aero-
space industry.
Salary? '\ou"ll find us competitive right down
the line.
Location? Convair"s operating divisions arc lo-
cated in California and Texas. Each has advan-
tages: all are in medium-sized metropolitan areas.
Associates? Distinguished men in your field
have chosen Convair as their company; the best
place to express their ideas and formulate their
careers.
Graduate study? Convair aggressively encour-
ages graduate study and participation in local
educational programs through lecturing and
teaching.
Yes. before you decide, pick up all the facts
about Convair. You'll find them in our new bro-
chure, "Engineering Opportunities." See it in
your placement oflfice or write for a copy. Address
Mr. H. T. Brooks, Engineering Personnel Ad-
ministrator, Convair General Office, San Diego
12, California.
CONVAIR
A DivrsiON OF
GENERAL DYNAMICS
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Below is a view of the carrier's in-
terior with a model of a fuel rod in
one of the four compartments. The
space between the cylinders is filled
with water to cool the fuel elements.
This is a carrier used to transport
the spent fuel rods from Idaho to
Argonne. Four fuel rods can be ship-
ped at one time.
cial treatment other than being: sealed
from the air and treated by the gamma
rays.
The Gamma Irradiation Facihty it-
self consists of a 30,000 gallon pool of
water, about 20 feet deep, 30 feet long
and 15 feet wide. At the bottom of the
pool is the Gamma Irradiation rack,
containing the radioactive materials.
The water acts as a shield to protect
personnel from the gamma ra\'s, and at
the same time permits the experimenter
both to work and see what he is doing
directly. There are three rectangular
openings 12 \ 7 feet, in the floor above
the pool. These are both the "windows"
and "doors'" to the work area at the
bottom. When not in use the openings
are covered by floor gratings with trans-
parent Plexiglass on the underside.
The Gamma Irradiation rack holds
eight to twelve highly radioactive urani-
um fuel elements. These are spent fuel
elements from the Materials Testing
Station in Idaho. Each element provides
about 70,000 curies of gamma radia-
tion. (A curie is a measure of the ac-
tivity of a radioactive substance.) The
elements are so arranged in the rack
that the materials to be tested are set
between them.
Transportation problems for the
highly radioactive fuel elements were
solved by the design and construction
of a special 26,000-pound container
about four feet in diameter and six feet
high. Inside is a 12 inch thick lead
shield within which four fuel elements
can be carried. This shield design pro-
vides for cooling the fuel elements with
water during transportation.
The operational procedure for the ir-
radiation of samples is as follows: The
samples are canned in number 2 cans,
and the cans and their contents are
sealed in weighted aluminum cylinders
called urns. The urns can hold ma-
terials up to 4 inches in diameter and
28 inches in length. They are placed in
a metal basket and lowered through the
water to the floor of the pool by a hoist.
From here the urns are transferred one
at a time to the irradiation rack and
placed vertically between the fuel ele-
ments. This transfer operation is done
by hand with the use of a long-handled
tool.
To produce unform irradiation the
urns are rotated at 5.8 revolutions per
minute by motor driven cups in the
bottom of the rack. Predse daily meas-
urements provide data on the intensity
of the radiation at different openings in
the rack. Thus by this measurement and
the rotation of the urns the samples are
exposed to known intensities of gamma
radiation for an accurately-measured pe-
riod of time. Doses in the main rack
range from 500,000 to 3 million rads
per hour. For lower doses of radiation
per hour samples are placed in other
areas of the pool.
"The rad is defined as the absorbed
dose of any ionizing radiation which is
accompanied by the liberation of 100
ergs of energ)- per gram of absorbing
material."
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The Nuclear Ship Savannah
is capable of sailing; 350.000 nautical
miles without refueling. Her uranium
oxide fuel is packaged in tubes of Nickel
Stainless Steel, more than 5.000 of them.
In all, engineers specified 200,000
pounds of Nickel Stainless Steel for use
in the ship's reactor... to meet the de-
man<is (•! lu.uri I'lu-raiing piessures and
temperatures, and to provide much-
needed strength and corrosion resist-
ance in this critical application.
How Inco Nickel helps engineers make new designs possible and practical
When you design equipment, you'll
have to select materials to meet given
service conditions — materials that
might have to resist corrosion, wear,
high temperatures, or fatigue. Over
the years, Inco has developed new
alloys and gathered information on
the performance of materials under
these and many other service con-
ditions. Inco will be glad to put this
data at your disposal to help solve
your future metal problems.
Inco's List "A" contains descrip-
tions of 200 Inco publications which
are available to you, covering appli-
cations and properties of Nickel and
its alloys. For List "A", write Educa-
tional Services.
The International Nickel Company, Inc.
New York 5, N. Y
New push-button roof uf Nickel
Stainless Steel turns a weatherproof
auditorium into an open-air stadium in
a matter of seconds. The dome will pro-
vide years of carefree beauty. That's
because stainless steel with Nickel in it
is one of the most durable of metals. It's
corrosion-resisting all the way through.
Needle's eye reveals relative size
of a Thermistor, a tiny bead maile with
Nickel oxide—u.sed to measure tempera-
tures in and beyond the earth's atmos-
phere. The Nickel oxide helps develop
electrical properties for the accurate
recording of temperature changes as
small as I /50th of a degree!
INTO INTERNATIONAL NICKEL
The International Nickel Company, Inc., is the U.S. allilialc uf The liilfinatiunal Nickel Company of (ana. la, l.imitiMl dnco-Canailn)
-producer of Inco Nickel, Copper, Cobalt, Iron Ore, Tellurium, Selenium, Sulfur and Platinum, Palladium and Other Precious Metals.
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Biggest thirst in the universe
Each 6,000,000 pound thrust rocket ship now being planned for manned
interplanetary exploration will gulp as much propellant as the entire capac-
ity of a 170 passenger DC-8 Jetliner in less than 4 seconds! It will consume
1,140 tons in the rocket's approximately 2 minutes of burning time. Required
to carry this vast quantity of propellant will be tanks tall as 8 story buildings,
strong enough to withstand tremendous G forces, yet of minimum weight.
Douglas is especially qualified to build giant-sized space ships of this type
because of familiarity with every structural and environmental problem
involved. This has been gained through 18 years of experience in producing
missile and space systems. We are seeking qualified engineers and scien-
tists to aid us in these and other projects. Write to C. C. LaVene, Box 600-M,
Douglas Aircraft Company, Santa Monica, California.
Dr. Henry Ponsford, Chief, Structures Section, discusses valve and
fuel flow requirements for space vehicles with j^^ll^l AQ
Donald W. Douglas, Jr., President of L/UUULHO
MISSILE AND SPACE SYSTEMS MILITARY AIRCRAFT DC-8 JETLINERS CARGO TRANSPORTS AIRCOMB® GROUND SUPPORT EQUIPMENT
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Tau Beta Pi Essay
. . .
ON CHOOSING A JOB
By John H. Painter
Experience is a wonderful thing. I ii-
tortunatelv. the average college gradu-
ate, ready to embark on a career in the
business world, lacks the proper experi-
ence when it comes to picking a job.
Of course, in some career fields, pick-
ing a job may not be so much the prob-
lem as just finding one. However, it's
pretty well established that today's en-
gineer graduate does have a rather good
selection of emplo\iiient opportunities.
With a large number of available
jobs to choose from, it becomes increas-
ingly important for the young engineer
to use sound judgment in this area of
job selection.
In conversations with my contempor-
aries, men who will graduate with
either B.S. or M.S. degrees during the
calendar year 1961, I have become fa-
miliar with the job selection criteria
being used by a fairly representative
group of today's engineer graduates.
It is interesting to list some of the
things these men are considering as de-
termining factors.
Among the men who ha\e not yet
seen military service and who are not
participating in the R.O.T.C. program,
one prime question is, "What are the
possibilities of draft deternnent in this
job?"
Among those who, for one reason or
another, are not worried about the draft
an often heard question is. "How many
hours a week would I work?" or, "How
many weeks vacation do I get?
How seldom is heard the question,
"Will this job present a challenge to
me?" Or. "WTiat are the chances for
additional training in my field?"
The major criteria, of course, seem
to be, "WTiich company will pay me the
most?" And, "Of the companies paying
the same, which has the greater fringe
benefits?"
I don't wish to pass myself oft as a
man of any great experience at job se-
lection. As a matter of fact. I have
never held a salaried job in the civilian
business world. I have, however, held
a good-paWng position in militar>' serv-
ice. It is on the basis of that experi-
ence that I write this article. Perhaps
what I learned over a period of foin'
and one-half years is worth relating.
In 1933. after my freshman year in
college. I joined the Air Force, enter-
ing the Aviation Cadet Program. This
program lasted fourteen months during
which time I earned approximateh
$108 per month. Although the pay was
small, the training program, designed
to turn out proficient aircraft naviga-
tors, commissioned as otHcers. was ex-
cellent. The pace was fa.st, the work
challenging. The fourteen months
passed rapidly and I found myself grad-
uating well up in my class.
The job assignments upon graduation
were given on a choice basis with the
men at the top of the class having first
choice. I had thirteen assignments to
choose from.
Now here, I feel, is a situation com-
pletely analagous to that of today's en-
gineering graduate.
I remember, now, exactly how I made
the choice. There were assignments for
transport navigators to such places as
Dover, Delaware ; Charleston, South
Carolina; and San Antonio, Texas.
There were assignments to aerial re-
fueling squadrons. There were assign-
ments to advanced schools such as Stra-
tegic Bombardment, Electronic Coun-
temieasures, and Radar interceptor.
There was one lone assignment which
read: MATS (Military Air Transport
Service), Permanent Part)', Palm Beach
.Air Force Ba>e, Florida. That was it!
"Palm Beach, here I conjc!"
I chose strictly on the basis of geo-
graphical location.
And so I went to Palm Beach and
an income that first year of approxi-
mately Sb.lMKI. 1 was twenty-one years
old. I found that niy new job required
about four hours per day of my time
and about two hundred hours per year
of flying time. For the rest 1 was free
to do as I pleased ; explore the be.iches,
fish, or just plain loaf.
That was the first year. And the
second. The third year, I spent two
months in Brazil and, for the first time,
really earned my salary; for two months
that is. That year I made about ><S,.?0(l.
"A Utopian existence," you say? Well
yes and no. It was at about this time,
the third year, that a niggling doubt
began to creep into my mind. Of course
the money was excellent. But what was
I actually accomplishing? What was I
producing that I would be able to look
back on in ten or twenty years with
pride? The answer was: Nothing.
So, here is that truth which I took
four and one half years to di.scover and
which most people find so hard or even
imp>ossible to accept: "Unless you pro-
duce something, be it physical products
or ideas, which you can look back on
with pride; and unless >our work is a
continuous challenge; not even money
can keep you satisfied with your job."
Now, I would like to list the factors
I will consider the next time:
1). Salary: Certaintly, salary is a
major consideration. However, 1 will
consider a lower paying job if it looks
more interesting,
2). Job Description: I consider it
highly important to know, if not exact-
ly, then as closely as possible, the duties
and opportunities of the job,
3). Opportunity for Further Train-
ing: I think that it is essential that an
engineer continue to develop in his field,
both for his own and for his emplo>cr's
benefit.
4). Geographical Location: Least im-
portant, perhaps is this last factor. It
should be important only in its effect
on the living conditiotis of the engineer
atul his family.
A job is not just a means of support.
Rather, it is a large measure of living.
Initial care in selecting that first job
will be repaid many fold, not just in
material gains, but, perhaps more im-
portantly, in pride and satisfaction.
APRIL, 1961 25
Surveying:
TELLUROMETER
measiu^es by radio waves
By Ronald Lejman
One of the most troublesome prob-
It'ins facing surveyors today is the pre-
cise measurement of distances over
rough terrain. For this reason triangu-
lation, a method for extending horizon-
tal control which requires few length
measurements and many angle measure-
ments, has been used extensively.
A few years ago a Swedish physicist
developed a device for measuring dis-
tances which essentially measures the
time taken for a beam of light to travel
to a distant reflector and return. Since
the velocity of light is known the dis-
tance the light traveled could be easily
computed. The main objection to this
process is that it may only be used on
clear nights.
About two years ago, a device was
invented by Mr. T. L. Wadley, a sci-
entist on the staff of the South African
Council for Scientific and Industrial Re-
search, which would measure distances
most frequently encountered by the av-
erage surveyor with great accuracy.
This instrument is called the tellur-
ometer from the Greek words that
mean "earth" and "measurement" and
is based on the transmission of radio
waves from one point to another.
The Tellurometer measures the time
in millimicro seconds (10"'' seconds),
for a radio wave to travel from a mas-
ter unit to a remote unit and return.
Since the velocity of radio waves is the
same as for light waves, the distance
between the two units can be found by
a simple calculation. As you can readily
see, if the instrument was 1 '186,000 of
a second off the measured distance
would be a mile off.
The equipment consists of two port-
able units each powered by an ordinary
storage battery used in automobiles, and
each unit is set up at one of the ends
of the line to be measured.
The Tellurometer unit, which looks
like a large flash bulb camera mounted
on a tripod, weighs only 60 pounds pro-
viding easy portability. A two way radio
built right into each unit enables the
surveyors to be in constant communica-
tion with each other.
Method of Operation
Each Tellurometer is mounted on its
tripod and placed at the ends of the
line to be measured. The battery is then
connected and the switches turned oji.
After a warm up period of a few min-
utes radio commimication is established
and final adjustments are made. Weath-
er observations made at both the master
and remote units are recorded at the
master unit. Readings are then taken
using specified frequencies to obtain a
mean distance reading. Final weather
conditions are observed and recorded
concluding the field operations. The
whole procedure has been performed .n
twenty minutes including the setting up
of equipment. The surveying party con-
sists of three men, an operator at each
unit, and a recorder at the master unit.
The readings taken from the instru-
ment are time readings in millimicro-
seconds. These must be converted into
feet, but before that can be done the
readings must be corrected for mean air
pressure, mean temperature, and mean
\apor pressure. The corrections are de-
termined from meteorological data taken
in the field and from tables correspond-
ing to this data. Because the velocity of
radio waves \aries considerably with
changing weather conditions, it is of
utmost importance that weather obser-
vations be made both before and after
readings are taken.
All distances measured \\\x\\ the 1 el-
luronu'ter are slope distances and must
be changed to horizontal distances by
determining the differences in elevation
of the two stations. Vertical angles,
leveling, or aneroid barometers are
used for this purpose.
The most effective range of the in-
strument lies between 5 and 40 miles,
although distances as small as 500 feet
can be measured. The operators need
nor be able to see one another, and
haze, fog, or light rain seem to have
no adverse effect on measurements. Sta-
tionary objects in the line of sight do
not affect the readings unless they oit
oft' a considerable portion of the beam.
There is usually no trouble in pointing
the instrument because the beam is 10
degrees wide allowing the operators to
locate each other by approximate direc-
tion. Once contact has been made the
operators can zero in there instruments
by measuring the strength of the beam.
Exact figures on savings due to the
use of the Tellurometer have not yet
been determined. But on two major
operations of the Topographical Survey
in 1057, three sets of equipment were
used and a savings of approximately
$200,000 was made. One thing for sure
is that the savings in time on most
operations will be better than 50 per
cent.
The Tellurometer is a new and ex-
citing piece of surveying equipment, and
its full capabilities have not >et passed
through the minds of man.
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SOME DEDUCTIONS . . .
( C.nntiiiucd frniii Pogr S)
The first line of each of these figures
shows us the position of stars B and C
as we calculate then) to get at the time
star C's light which we observe was
created. Rut this calculation assumed
that all velocities were constant. As
shown in Fig. 5, an increasing velocity
would make the calculated position C
behind the actual location of the star.
This is because part of that time was
spent at lower velocity than we used
in calculations, and our fast velocit)' as-
sumes that much more ground will be
covered while the star's light is traveling
to A than actually is. The correspond-
ing situation for decreasing velocities is
shown in Fig. 6.
The last line of each figure shows all
positions and allows us to see why slow-
er speeds than expected indicate increas-
ing expansion speeds and vice versa.
Note that the position with relation to
star C of the mistaken identity star
reinforces properly the phenomenon we
are observing. That is, when we are ob-
ser\ing a star which is slower than ex-
pected, that star is less distant than the
actual star C. hence intrinsically slower
because of its relative position. This is
in addition to the slower speed that we
nomiallv get because the light was cre-
ated when stars were going slower. The
same reinforcement works in the op
posite sence for the other case, that c\
plained in Fig. b of a faster speed than
expected being observed when the uni-
verse is expanding at slower speeds.
In Conclusion
The author has not pretended to
know a great deal about astronomy or
the expanding universe. In fact all his
knowledge has been deri\eil from the
same few facts that were presented ti>
the reader in the first several paragraphs
of this paper. (The author's inexperi-
ence was withheld from reailers in fear
they would stop reading at the point of
such a discovery.) The main purposes
have been to acquaint the reader with
the expanding universe and some of the
pitfalls (we sincerely hope all those in
ou path have been detected ) involved
in the logic dealing with the expanding
universe. Plus this a compact and seem-
ingly practical method of determining
v.-hether the universe is expanding at an
increasing or decreasing speed has been
presented.
Prof: "If in running down this ramp
I gain five feet per second, v.-hat will be
my condition after 25 seconds?"
Phys. Major: "You'll be
pede."
Apparatus for Vacuum
Evaporations
I Ik- National Hiireau ui .M.iiuiards
has developed a small \acuum chamber
in which a series of vacuum evapora-
tions ma> be accomplished in rapid suc-
cession. T he device provides a siniple,
accurate means for producing the repli-
cate specimens useil in an electron micro-
Mope.
Reason Executives Fail
( )iu- iiMMiii fxetiituf- t.iil is lack ot
tact, reveals Textile W'orhl. .•\ manage-
ment consultant maintains that ''^ per
cent of executive failures are ilue to "so-
cial" reasons—that is, lack of tact. He
told a group of managers recently: "The
executive thinks he can do three things
well—drive a car, understand women,
and judge men. The fact is, he can't
do anv of them as well as he thinks."
a centi-
'Footbair in Industry
A football plays an important part ii'
an oil company's oilfield waterflood
project. The company found a football
an effective answer to a vibration prob-
lem in an injection pump. The ball, in
a steel jacket on one side of the pump.
Ilexes with the pump pulsations, thus
absorbing the sharp kick of water under
pressure.
Why America's state highway
engineers give first choice to iVIodern High-Type
Asphalt Pavement:
MILEAGE BUILT ANNUALLY
BY STATE HIGHWAY DEPARTMENTS
tIMPORTANT
FACTORS n
' in your
working
life
The 6 most important factors
in your working life are
your 5 skilled fingers and
your A.W.Faber-Casteix
#9000 Drawing Pencil.
You may prefer LOCKTITE
#9800SG Tel-A-Grade
lead holder with Castell
#9030 Drawing Leads.
We are strictly impartial.
You be the sole judge. In
either case you will get
graphite-saturated lines that
won't flake, feather or burn
out—^black, bold image
density, crisply opaque for
clean, sharp prints. 20
rigidly controlled degrees,
8B to lOH, each as precise as
a machine tool. Locktite
Tel-A-Grade, with its finger-
comforting grip, carries an
ironclad 2-year guarantee
from A.W.Faber-Castell.
Pick up your selection at your
college store today.
I
A.W.FABER-CASTELL
Pencil Co., Inc., Newark 3, N.J.
Now cefebraling ils
200th birthday
SPACE VEHICLE . . .
( ('.fiiitmuid from Pilt/c 10)
duced to 1.5 deg. For a lift drag ratio
equal to 2, and when maximum per-
missible (ieceleration is held to about
10 G, the maximum allowable entry
angle can be as great as 10.5 deg. By
using this method for a given peak G,
the range of entry angles is increased,
or alternatively, for a given entry angle
the peak G is reduced.
The use of aerodynamic lift during
reentry has many advantages over the
other methods. With relatively simple
lift programing the skip phase of the
reentry used in the multiple-pass meth-
od can be eliminated. By using aero-
dynamic drag for deceleration, the
necessitv of carrying retro rockets and
the extra fuel is eliminated, thereby in-
creasing the payload. The aerodynamic
lift permits positive control of the ve-
hicle during reentry, and since the ve-
hicle has wings, it can fly to its landing
point and land like a conventional air-
plane.
Heat Protection
As stated previously' a vehicle moving
through the atmosphere experiences
large temperature rises due to aerody-
namic heating effects. Here a brief des-
cription of some of the methods that
can be used to protect the vehicle from
these heating effects will be given.
Two methods of heat protection de-
\eloped for missile nose cones could be
used. One is the heat-sink type, the
other utilizes ablation. In utilizing the
heat-sink the vehicle would be construct-
ed with a flat nose and covered with a
material that is an excellent conductor
of heat. The flat nose would pile up a
cushion of air in front of the vehicle
which would act as a heat insulator,
and the heat conducting material would
help dissipate the heat collecting at the
nose of the vehicle. In the ablation
method, the vehicle woidd be coated
with a material that vaporizes at the
temperatures encountered. As this ma-
terial vaporizes, it absorbs the heat de-
\'eloped by the vehicle and carries it
au'ay.
There is a method that has been pro-
posed that utilizes magnetoaerodynamics
to protect the \ehicle. In this method,
use is made of the conductivity of the
air surrounding the vehicle due to ion-
ization of the gases at high temperatures.
By means of a magnetic field set up
by electro-magnets in the nose cone, a
current is induced in the gas, which in
turn interacts with the magnetic field
of the \ehicle to oppose the fluid motion
and to reduce the heat transfer to the
vehicle.
Other methods of heat protection in-
volve the ejecting of water through
pores on the nose of the vehicle and
internal cooling systems that would col-
lect at nose and dissipate it at the rear
of the vehicle. In ejecting water through
pores in the nose of the vehicle, the
water is vaporized by the heat and
carries that heat away in the same man-
ner as in the ablation method.
In the case of a manned vehicle, not
only would the outstide have to be pro-
tected from excessive heating, but the
interior also would have to have some
sort of cooling system to keep tempera-
tLU'es down to a tolerable le\el.
Conclusion
In conclusion, it is observed that al-
though space-vehicle reentry poses many
difficult problems, these problems are
not insurmountable, and solutions to
many of them have been obtained. In
the methods propo.sed for reentry, it can
be seen that the aerodynamic lift meth-
od is the most promising. Its inherent
advantages make it the most desirable
method to use. However, each method
has its own advantages and disadvan-
tages, and the one selected for a given
project should be selected on the ba^^
of what is technologically possible at
that time. Indeed, the aerodynamic lift
method will require much more research
to make it feasible, and methods such as
the multiple pass and the presently used
retro rocket will have to be perfected
and used for the present and near fu-
ture.
In the final analysis, it may turn out
that a combination of two or three of
the above methods will offer the best
solution. Yor example, the retro rockrt
and multiple-pass methods could be
combined to improve control of the ve-
hicle and shorten the reentry time. The
reentry time could be shortened by fir-
ing retro rockets to assist drag in slow-
ing the vehicle, thereby reducing the
number of passes needed for reentry.
Rockets would also help in guidance
and in controlling the vehicle for more
accurate landings.
Although there are a number of meth-
ods for protection against excessive heat-
ing during reentry, a method for pro-
tecting manned space vehicles has yet to
be perfected. Methods utilizing ablation
and heat sinks seem to be the most
promising and the feasibility of utilizing
magnetoaerodynamic principles still has
to be determined. Again the optium pro-
tection may result from a combination
of all three methods, if not something
altogether different.
Perfection of space vehicle entry tech-
niques is the next major step in the con-
quest of space. At present, much re-
search is going on to find new and bet-
ter ways as well as to impro\e present
methods of reentry. That success !S
being had is evidenced in the success-
ful reentry of the Discoverer satellites.
Once reentry techniques are perfected,
the day man can explore space will be
at hand.
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BOLTING . . .
( Continued from Page 14)
crews. The greater speed of assembly
using bolts instead of rivets can be ex-
emplified by the fact that the difficulty
in maintaining the riveting schedule
during the construction of the Mackinac
Bridge led the American Hridge Divi-
sion of the L nited States Steel Corpor-
ation to propose the use of high-strength
bolts for all of the approach truss spans
scheduled for 1956. and the suspended
spans scheduled for 1957. This proposal
was accepted by the consulting engineer.
Somewhat over 1.000.000 high-strength
bolts were required for this work."
The use of high-strength bolts in such
a structure as the Mackinac Bridge
tends to clearly illustrate the acceptance
of this fastener in structural work.
'Mace H. Bell, A.M.. ASCE. High
Strength Bolts in Strueturul Praeliee:
Proceedings. Structural Division, Amer-
ican Society of Civil Engineers, Vol.
81. Separate No. 651 (Ann Arbor.
Michigan: American Society of Civil
Engineers. 1959). p. 2.
-John E. Lothers, Design in Strur-
lural Steel. Prentice-Hall Civil Engi-
neering and Engineering Mechanics
Series (New York: Prentice-Hall. Inc..
19=i3). p. 96.
Bell. p. 1.
*Iligh-Strength Bolting for Struetiir-
al Joints. Bethlehem Steel Company,
booklet Xo. 495.
Information supplied by the Auto-
matic Xut Company : Lebanon. Pa.
'""Dr. Warren C. Young. Results of
Tests of Struetural Conneeiions As-
sembled with High Tensile Structural
Rib Bolts—Interrupted Ribs for Auto-
matic Nut Companv : Lebanon. Pa.
(Madison. Wis.. 1959). p. S-6.
John W. Kinney. Experienee uith
High-Strength Bolts in the Maekinae
Bridge. Journal of the Structural Divi-
sion-Proceedings of the American So-
cietv of Civil Engineers. Vol. 85. No.
ST3 Part 1 (Ann Arbor, Mich.. 1959).
Ike Honored
tor the second time, a president of
the L nited States received the Hoover
Medal, sponsored by four of the nation's
leading engineering societies. Dwight D.
Eisenhower was presented with the
award at a dinner in Washington. D.C.,
on January- 10th. Herbert Hoover, after
whom the medal is named, was its first
recipient in 1930.
Walker L. Cisler. president of the
Detroit Edison Company, past president
of the American Society of Mechanical
Engineers, and chairman of the Hoover
Medal Board of Award, made the pre-
sentation.
EVERYTHING
in
Laminated Plastics
From One Source
l^^y^lli
An Example of
Synthane You-shaped Versatility
From the day this plant started it has been
shaped by the needs of customers like you. And
so you find under one roof at Synthane your
complete answer in laminated plastics—sheets,
rods, tubes, molded-laminated, molded-macer-
ated and fabricated parts. Synthane has all the
facilities necessary for designing and producing
tools, dies, jigs and fixtures for fabrication, a
mine of information on the proper methods for
machining laminated plastics. Versatility from
one source. One high quality. One responsibility.
You-shaped Versatilily makes Synthane a Better Buy in Laminates.
[
SYIVTHANE]
CORPORATION OAKS, PENNA.
Synthane Corporation, 13 River Rd., Oaks, Pa.
Gentlemen:
Please send me information relating to Synthane as a source
(or laminated plastic materials and parts.
Name-
Address-
C.tv .Zone Stdlo-
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BRAIN TEASERS
By Ernest Frankovich
Three high schools—Washington,
Lincohi and Roosevelt—competed in a
track meet. Susan, a student at Lincoln
High, sat in the bleachers to cheer her
boy friend, the school's shot-put cham-
pion.
When Susan returned home later ui
the day, her father asked how her school
had done.
'We won the shot-put all ri^ht, " she
said, "but Washington High won the
track meet. They had a final score of
22. We finished with 9. So did Roose-
velt High."
"How were the events scored?" her
father asked.
"I dont remember exactly," Susan
replied, "but there was a certain num-
ber of points for the winner of each
event, a smaller number for second
place and a still smaller number for
third place. The numbers were the
same for all events." ( By "number"
Susan of course meant a positive in-
teger. )
"How many events were there alto-
gether?"
"Gosh, I don't know. Dad. All I
watched was the shot-put."
"Was there a high jump?" asked
Susan's brother.
Susan nodded.
"Who won it? "
Susan didn't know.
Incredible as it may seem, this last
question can be answered with only the
information given. Which .school won
the high jump?
Smith dro\e at a steady pace along
the highway, his wife beside him. "Have
you noticed,'" he said, "that those an-
noying signs for Flatz beer seem to be
regularly spaced along the road ? I won-
der how far apart they are.
"
Mrs. Smith glanced at her wrist
watch, then counted the number of
Flatz beer signs they passed in one min-
ute.
"What an odd coincidence!" ex-
claimed Smith. "When you multiply
that number by 10. it exactly equals
the speed of our car in miles per hour."
Assuming that the car's speed is con-
stant, that the signs are equally spaced
and that Mrs. Smith's minute began
and ended with the car midway between
two signs, how far is it between one
sign and the next ?
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I.S.G.E. Forges Ahead
The Illinois Society ot General Engi-
neers added thirty new members for the
spring semester bringing its total mem-
bership up to 275 ; making it one of the
largest and most active engineering so-
cieties on campus.
Under the leadership of President
Randal Smith and faculty advisors D.
Reyes-Guerra, H, Streeter and T. C.
Hartley the society has taken great
strides to add professionalism to the un-
dergraduate engineering society. This
spring I.S.G.E. will hold a joint meet-
ing with the Champaign County Chap-
ter of the Illinois Society of Profession-
al Engineers to consider starting a stu-
dent society of the Professional Engi-
neers.
One of the highlights of the fall se-
mester for I.S.G.E. was the Engineer-
ing Basketball Tournament where the
G.E.'s edged out the Engineering Me-
chanics Society 37-36 in the first round
of play. Due to a conflict with th?ir
bowling tournament, the G.E.'s were
forced to forfeit in the second round to
the A.S.C.E.
For the second straight year the
I. S. G. E. members outplayed the G.E.
faculty to cop the bowling trophy.
I.S.G.E. holds regular business meet-
ings once a month at which time they
have speakers from industry' or the uni-
versity talk about their specialties. Last
semester the topics of discussion were
"Engineering Administration," "Sales
Engineering," "New L ses for Alumin-
um," and "Bridges."
Leadership of I.S.G.E. is in the
hands of Randal Smith, president ; Lyle
Gerdes, treasurer; and Jerry Wolin and
Gerald Pam, engineering council rep-
resentatives. Vice president Harold
Martin, and secretan' Jim DeCocker
graduated in February. Both of I.S.
G.E.'s Engineering Council members
hold offices in that organization ; Wolin
is vice president and Pam is treasurer.
One of the big events of the spring
semester will be the Annual Senior Ban-
quest at which time faculty and stu-
dents turn out to honor the G. E. sen-
iors.
Redetermination of the Half Life
Of Carbon 14
A recent redetennination of the halt
life of carbon 14 by the National Bu-
reau of Standards yielded a value ot
5760 years. The value previously ac-
cepted is 5568 years, a weighted a\er-
age of three experimentally determined
values. This discrepancy will affect the
dating of such artifacts as the Dead Sea
Scrolls.
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Architectural
LIGHT DECORATIONS
A drive to develop broad applications
of man's newest light source, electro-
luminescence, in the architectural and
interior design field, has been launched
by the Westinjihouse Electric Corpora-
tion.
F. M. Sloan, Westinfjhouse \ice pres-
ident and general manager of the com-
pany's lamp di\ision, announced that
company engineers have de\eloped elec-
troluminescence to the point where large
Raxescent lamps may be used succe.ss-
fidly and economically for a myriad of
applications in the architectural, inter-
ior-design and decorator field. I7se of
the uiuisual Raycscent lamps will liter-
ally open up entirely- new vistas in
architectvne and interior design. Mr.
Sloan said.
Rayescent lamps are Hat panels of
glass with an electrical conductive
film. They are coated with a special
phosphor. When electricity is applied.
the jianels glow. There are no filaments,
tubes or vapors and practically no heat
is produced. Not onl>' are the lamps
\irtually fail-proof, but the current
drain is almost negligible.
The large panels of light will enable
architects and designers to perform en-
tirely new feats with light in homes,
offices, restaurants, cocktail lounges,
lobbies, ele\'ators and public buildings,
Mr. Sloan said. Because they are two
dimensional, the Rayescent lamps ma\
be used in a variety of ways. Walls,
ceilings, room di\iders, table tops, mo-
biles, sheK ing and furniture parts are
just a few of the possible uses for the
new area light source.
Rayescent lamps are available in
sizes up to .ill inches square. The\' can
he obtained in a variet\ of colors in-
cluding green, orange, blue and yellow.
Irulividual lamps may be multicolored.
The lamps can be made in practicalh
.•ui\ two-dimensional shape. Decals or
silk screening can be applied to the sur-
face of the Ra\escent lamp to protlucc
an\ desired design.
Lightweight aluminum fixtures are
available for easy, inexpensive, mount-
ing of the Rayescent lamps. The inten-
sity of the light produced b\ the Ray-
e.scent lamps may be changed by means
of a simple dinuning device. Kach lamp
is made with a quick-tlisconnect plug
for easy replacement.
The life of the Rayescent lamp is ,ip-
proximately SOttO hours, compareii to
an average of 7S() hours for an incan-
descent lamp. Light output is approxi-
mately 10 foot-lamberts at 6(M) volts, h(l
cvcles. Power converter kits are avail-
•ible from W'estinghouse.
.A high ilegree of safetv is inherent in
the design of the lamps since no metal
back is used. W'estinghouse engineers
will design installations to meet electri-
cal inspector's code requirements.
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BOOK REVIEW
NONDESTRUCTIVE TESTING
By Warren J. McGonnagle, Associate Physicist, Argonne National
Laboratory. 457 Pages, McGraw-Hill. $15.00
The physical principles, techniques,
advantages, and limitations of the vari-
ous methods of nondestructive testing
are covered comprehensively in this new-
ly-published volume. Based on applied
physics, the treatment in the book
stresses nondestructive testing as a sci-
ence . . . and outlines the nhat. uhy.
Iioic. liheii. and -uhere of this rapidly-
developing technolog)'. The author
points out that this type of testing is
concerned not only with the detection
and location of flaws in materials, but
that its methods and techniques measure
physical properties or nonunformities in
the physical properties of specific ma-
terials.
Physical principles which underlie a
particular test method form the basis for
each of the book's chapters . . . and spe-
cial techniques for solving a variety of
practical problems are included. Among
the major testing procedures treated in
detail in this integrated volume are
visual testing, pressure and leak testing,
liquid penetrant inspection, theniial
methods. X-ray and gamma radiogra-
phy, ultrasonics, dynamic testing, mag-
Kodak Chemists Contribute to
New Science Encyclopedia
Two Kodak scientists have contri-
buted to a new "Encyclopedia of Spec-
troscopy," to be published this month
by Reinhold Publishing Corp.
Dr. Richard L. Dahm and John A.
Leys of Kodak's industrial laboratory
report on semiquantitive industrial
chemical analysis by emission spectro-
scopy. This is a technique by which ele-
mental components of a sample and
their amounts are identified by burning
the material to be studied and analyz-
ing the wavelengths of energy- it gives
oft.
Dr. Dehm, a graduate of Illinois
Wesleyan University and the L ni\er-
sity of Illinois, is a technical associate
at the industrial laboratory. He joined
Kodak in 1934. He is a member of the
American Chemical Society, the Society
for Applied Spectroscopy, the Ameri-
can Society for Testing Materials and
Sigma Xi, honorary scientific fraternity.
Leys, an analytical chemist at the
laboratory', is a graduate of Calvin Col-
lege, Mich. He joined Kodak in 1956.
He is a member of the Society for Ap-
plied Spectroscopy.
netic and electric techniques, and eddy
current methods.
Nondestructive test work in the
growing field of atomic energ\' is em-
phasized. Anuother feature of the book
is the number of detailed illustrations
and tables which highlight actual test
procedures. Other topics presented in
this guide include a complete chapter
on thickness measurements, and a section
devoted to such specialized techniques
as spot tests, sulfur printing, spectro-
chemical analysis, spark testing, activa-
tion analysis, residual stress, and many
others.
Warren J. McGonnagle is presently
a Group Leader in the Metallurgy' Di-
vision, Argonn.e National Laborator>'.
He is in charge of nondestructive test-
ing, dealing primarily with the develop-
ment of test techniques for nuclear re-
actor components.
Further details on McGonnagle's
\ondi\(triiitive Testing are available
from the McGraw-Hill Book Infomia-
tion Senice, 327 West 41st Street,
New York 3b. N.^'.
Galileo's Works Published
All principal .--cienntic uuri;^ by Gali-
leo, pioneering 1 7th century experimen-
tal physicist. no«' are available at one
time in English. The series has just
been completed by the L niversit\' of
Illinois Press with a facsimile reprint
of a rare translation of "Discourse on
Bodies in Water."
Galileo wrote the orginal in Italian
in 1612. It was translated in 1665 by
Thomas Salu.sbury. Only eight copies
of that translation now exist, two in
America. That from the library of Man-
hattan College was used in preparing
the new L . of I. book.
Stillman Drake of San Mateo, Calif.,
author of several books on Galileo, pre-
pared introduction and notes. Drake is
a municipal finance consultant in San
Francisco.
Automation has its problems too. At
one plant, a two-dimensional cutting
operation was aborted recently, when
one motion jammed and other con-
tinued. The result was that the cutting
tool chewed through the workpiece and
then the table, in a kind of "automated
hara-kiri."
Westinghouse Delivers
Thermoelectric Generator
A lOO-watt thermonuclear generator,
designed and built by the Westinghouse
Electric Corporation, has been delivered
to the Northern Illinois Gas Comany.
Aurora, Illinois. The unit will be used
for cathodic protection of pipelines and
for charging batteries of a microwave
relay communications system of North-
ern Illinois Gas Company. This repre-
sents one of the first industrial applica-
tions of thermoelectric power genera-
tors.
GE Enters New Area
The General Electric Company has
announced it will enter a new merchan-
dise area involving products designed
for teaching and self-education.
The Company's initial step will be
represented by a line of educational
electronic science kits which will be in-
troduced at Chicago's Hobby Industry'
Association Show. The kits in General
Electric's current line are designed to
teach the basic principles of transistor
electronics. They will be manufactured
by the Company's Radio Receiver De-
partment, here.
'Hams' Receive Awards
Two radio "hams" whose trans-Pa-
cific experiments have opened new hori-
zons in ultra-high-frequency communi-
cations, will share this year's Edison
Radio Amateur Eward sponsored by
General Electric.
John T. Chambers. 40, Palos Verdes
Estates, near Los Angeles, Calif., and
Ralph E. Thomas, 57, of Kahuhu
Oahu, Hawaii, were chosen joint win-
ners here Januar>- 27, 1961, by a panel
of three judges.
A S500 cash prize and trophy have
been awarded annually for the past nine
years for outstanding public ser\-ice by
a single radio amateur.
Rules
Iv:
If she
If she
former.
If she
If she
If she
If she
If she
If she
If she
If she
If she
for handling women electrical-
talks too much—interrupter,
wants to be an angel—^Trans-
meets you half way—Receiver,
gets too excited—Controller,
gets up in the air—Condenser,
is hungr\'—Feeder,
sings inharmoniously—Tuner,
is wrong—Rectifier,
is too fat—Reducer,
gossips too much—Regulator,
wants to get married—Resistor.
Porter: "Did you miss the train, sir?"
Runnning Passenger: "No! I didn't
like the looks of it, so I chased it out
of the station."'
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If your sights are set on nuclear power-
-youllfind
Photography
at Work
with you
Already engineers working with
nuclear power have learned that only
utmost purity of materials and metic-
ulous accuracy in manufacture can be
tolerated in a reactor. Steels for the
reactors and reactor vessels are checked
for make-up and molecular structure
with photomicrography and x-rav dif-
fraction. Welds are proved sound and
moderators flawless with radiographv.
And stresses likely to occur are studied
in advance with photo-elastic stress
analysis.
In this new-day industry, as in any
field on which you set your sights,
photography plays a part in making a
better product, in producing it easier,
in selling it faster. It cuts costs and
saves time all along the line.
-So. in whatever you plan to do, take
full advantage of all the ways photog-
raphy can help.
CAREERS WITH KODAK:
With photography and photographic proc-
esses becoming increasingly important in
the business and industry of tomorrow,
there are new and challenging opportunities
at Kodak in research, engineering, elec-
tronics, design, sales, and production.
If you are looking for such an interesting
opportunity, write for information about
careers with Kodak. .Address: Business and
Technical Personnel Department, Eastman
Kodak Company, Rochester 4, N ^^
Mock-up of the Shippingport (Pa.) .Atomic Power Station reactor
%\hich was designed and develofjed by the Westinghousc Electric
Corpyoration under the direction of and in technical cooperation
with the Xaval Reactors Branch. U.S. .Atomic Energy Commission.
EASTMAN KODAK COMPANY
Rochester 4, N. Y.
I One ofe t a series
Q. Mr. Savage, should young engineers
join professional engineering socie-
ties?
A. By all means. Once engineers
have graduated from college
they are immediately "on the
outside looking in," so to speak,
of a new social circle to which
they must earn their right to be-
long. Joining a professional or
technical society represents a
good entree.
Q, How do these societies help young
engineers?
A. The members of these societies
—mature, knowledgeable men
—
have an obligation to instruct
those who follow after them.
Engineers and scientists—as pro-
fessional people—are custodians
of a specialized body or fund of
knowledge to which they have
three definite responsibilities.
The first is to generate new
knowledge and add to this total
fund. The second is to utilize
this fund of knowledge in service
to society. The third is to teach
this knowledge to others, includ-
ing young engineers.
Q. Specifically, what benefits accrue
from belonging to these groups?
A. There are many. For the young
engineer, affiliation serves the
practical purpose of exposing his
work to appraisal by other scien-
tists and engineers. Most impor-
tant, however, technical societies
enable young engineers to learn
of work crucial to their own.
These organizations are a prime
source of ideas— meeting col-
leagues and talking with them,
reading reports, attending meet-
ings and lectures. And, for the
young engineer, recognition of
his accomplishments by asso-
ciates and organizations gener-
ally heads the list of his aspira-
tions. He derives satisfaction
from knowing that he has been
identified in his field.
Interview with General Electric's
Charles F. Savage
Consultant— Engineering Professional Relations
Ho^ Professional Societies
Help Develop Young Engineers
Q. What contribution is the young en-
gineer expected to make as an ac-
tive member of technical and pro-
fessional societies?
A. First of all, he should become
active in helping promote the
objectives of a society by prepar-
ing and presenting timely, well-
conceived technical papers. He
should also become active in
organizational administration.
This is self-development at work,
for such efforts can enhance the
personal stature and reputation
of the individual. And, I might
add that professional develop-
ment is a continuous process,
starting prior to entering col-
lege and progressing beyond
retirement. Professional aspira-
tions may change but learning
covers a person's entire life span.
And, of course, there are dues to
be paid. The amount is grad-
uated in terms of professional
stature gained and should al-
ways be considered as a personal
investment in his future.
Q. How do you go about joining pro-
fessional groups?
A. While still in school, join student
chapters of societies right on
campus. Once an engineer is out
working in industry, he should
contact local chapters of techni-
cal and professional societies, or
find out about them from fellow
engineers.
Q. Does General Electric encourage par-
ticipation in technical and profes-
sional societies?
A. It certainly does. General Elec-
tric progress is built upon cre-
ative ideas and innovations. The
Company goes to great lengths
to establish a climate and in-
centive to yield these results.
One way to get ideas is to en-
courage employees to join pro-
fessional societies. Why? Because
General Electric shares in recog-
nition accorded any of its indi-
vidual employees, as well as the
common pool of knowledge that
these engineers build up. It can't
help but profit by encouraging
such association, which sparks
and stimulates contributions.
Right now, sizeable numbers of
General Electric employees, at
all levels in the Company, belong
to engineering societies, hold re-
sponsible offices, serve on work-
ing committees and handle im-
portant assignments. Many are
recognized for their outstanding
contributions by honor and
' medal awards.
These general observations em-
phasize that General Electric
does encourage participation. In
indication of the importance of
this view, the Company usually
defrays a portion of the expense
accrued by the men involved in
supporting the activities of these
various organizations. Remem-
ber, our goal is to see every man
advance to the full limit of his
capabilities. Encouraging him to
join Professional Societies is one
way to help him do so.
Mr. Savage has copies of the booklet
"Your First 5 Years" published by
the Engineers' Council tor Profes-
sional Development which you may
have for the asking. Simply write to
Mr. C. F. Savage, Section 959-12,
General Electric Co., Schenectady
5, N. Y.
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4Sometime within the next several years, the first
American will soar into orbit around the earth. He will be
sealed in a small, cone-shaped space capsule mounted atop an
Atlas missile. The missile will climb 100 miles in less than six
minutes, where the capsule will disengage and go into orbit. The
man will be alone in space.
The vehicle for this historic voyage is already in production under
the auspices of the National Aeronautics and Space Administration's
"Project Mercury." One of the methods of heat protection is a beryl-
lium heat sink, forged on two giant steel dies. Both dies are USS
Quality Steel Forgings. The top die (shown being rough-machined
on one of our vertical boring mills) will be convex, 20 inches thick
and will weigh 26,520 pounds. The bottom die, concave and 18
inches thick, weighs 27,700 pounds. Both are 92 inches in diameter.
Steel is the starting gun in the race to outer space. Space ships
and missiles couldn't get off the ground without it. And Steel de-
pends on men like you. Send the coupon if you would like to find out
about the many engineering financial analysis or sales career op-
portunities at U. S. Steel. USS ,s a ,eg,ste-ed trademark
This mark tells you a product is made
of modern, dependable Steel. \J^"XT
United States Steel Corporation
Personnel Division
525 William Penn Place
Pittsburgh 30, Pennsylvania
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alleable Puts More Muscle in Machinery
In the agricultural equipment field, reputations depend on building
products that can take rough treatment . . . and give real value. To do
it, agricultural equipment manufacturers rely heavily on Malleable
iron castings.
Malleable's excellent ductility and shock resistance mean longer life
and fewer i)roblems than obtainable with fabrications. Low start-up
cost for small quantities also is vitally important in this competitive
industry.
Put more reputation-building quality into your products at less cost
with Malleable.
MALLEABLE
MALLEABLE
(RON
CASTINGS
t_ ?fl
PROBLEM-SOLVING IDEAS
are yours t'rt'e in Data
Unit No. 115. For your
copy, ask any member
of the Malleable Cast-
ings Council, or write
to Malleable Castings
Council, Union Com-
merce Building, Cleve-
tnd 14, Ohio.
The versa„l„v o, Malleable Castings is reflected in the variety of ferrit,c and pearl,t,c Malleable tractor parts, from the tough, depen-dable front axle bar to bolsters, lift arms, clamps, clevises, h.tches, hmges. foot pedals, transm,ss,on planetary carr,ers and clutch parts.
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FACTS ABOUT
AIR FORCE
OFFICER TRAINING
FOR ENGINEERS
Who is eligible?
College graduate>. with a degree from an
accredited college or university, who are U.S.
citizens 20^-2 to 27^2 at time of application.
Ahile applicants mav he married or uiunarried:
female applicants must be single and have no
dependents. Applicants must complete written
and physical examinations for commissioning.
What kinds of engineers
are needed most?
Aeronautical, electrical, mechanical, civil,
architectural, industrial. (Also graduates with
anv degree who majored in nuclear phvsics,
engineering ph\"sics or mcteorologv.
)
What is Air Force
Officer Training School?
A precommission training course of 3 months'
duration at Lackland Air Force Base. Texas.
Officer trainees upon graduation receive a com-
mission as second lieutenant. Thev are then as-
signed directlv to dutv or additional trainin"'.
Does the Air Force
offer career opportunities?
\es. Technically trained officers have a particu-
larlv bright career outlook. They have jiood
opportunities for graduate study.
How can further information
be obtained?
\Srite to OTS Information. Box 7608. 'Vi'ash-
ington 4. D.C., or inquire at any Air Force Re-
cruiting Office, listed in the telephone directory
under "U.S. Government— Air Force."
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Civilian Career Opportunities
The Air Force also offers challenging jobs for
engineers as civilians. Write to Directorate of
Civilian Personnel, Hq. Air Force Systems Com-
mand, Andrevi/s Air Force Base, Washington 25,
D. C, concerning opportunities for individuals
with degrees in aeronautical, electrical, elec-
tronic, and mechanical engineering. Write to
Directorate of Civilian Personnel, Hq. Air Force
Logistics Command, Wright-Patterson Air Force
Base, Ohio, concerning opportunities for individ-
uals with degrees in industrial engineering.
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
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From the Editor's Desk .
Who is to say?
The University of Illinois is a large school, and although in a minority, there exist almost
sixty fraternities. Students join a fraternity and thereby choose mony of their college friends.
Each fraternity chooses its own scholastic atmosphere, social life and athletic program. Each
group also selects its members. Whether written or spoken tradition, there exist criteria for
member selection. Certainly men may choose their roommates in such private housing.
Although a fraternity is a separate group living under its own rules as well as those of
the surrounding society, many fraternities ore members of a notional fraternity. The "national"
may have certain restrictions to membership. The rule-making segment of the notional is com-
prised of representatives from each chapter. Therefore, the individual chapters control the fra-
ternity's laws. If any chapter disagrees it has the option to withdraw from the "national." We
may then assume that whether the membership restrictions are local rules or "national" de-
crees, the individual chapter agrees. If this group of students wonts to choose future members
by certain criteria, who can say they are wrong? Who cores if a private organization discrimi-
nates (Webster's, v.t. selects). People who try to force universities to unjustly limit fraternities
and universities weak enough to submit to such action should reevaluate the situation. The
university may interfere with a fraternity to improve the health and welfare of the group; but
when the school tells the group who they must consider for membership, this is going too far.
The next step after removal of discriminatory clauses is forcing fraternities into taking all those
going through rush. Some group would be forced to take a rushee who would not even be con-
sidered by anyone else. The Supreme Court upholds public integration, but private segregation
is entirely another matter.
A store or company is equally private; they hire and fire at their own discretion. If we
let advancement associations push and force their way, friction will be the only result. As in the
case of the misguided union that required all of its talented members to strike so that the em-
ployer would be forced to hire second-rate members, a powerful group can cancel competition
and wipe out progress.
The Negro is able to raise his own prestige through true competition. A Negro is a human
being and should not be discriminated for or against in public situations. Discriminoting private
groups will open their doors to the Negro when they are good and ready. Simply changing
the printed word will meon nothing. Acceptance based on merit will be the only real solution.
-C. H. J.
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DON'T PANIC -CLUTCH!
By Charlton Jones, M.E. '62
Il'jt rodders iind engineers should
have some baekground on clutehes. 1 his
nrtiele was uiitten to enlighten the lat-
ter group—esperially those who gather
at the old 224 spot ten to twelve.—
Editor.
Clutches have had to conic a long
way in the past sixty years. Torque
transmission requirements have leaped
from a few pound-feet of torque to 409
poiuid-feet of torque at 3,600 rpni in
the 1961 Chevrolet. The huge engines
in the prestige vehicles crank out around
500 pound-feet. Increased engine torque
and the racing interest that these en-
gines generate have placed huge de-
mands on today's clutch facings. To bet-
ter understand the problem automobile
designers face, let's look back through
the past years of automotive de\elop-
ment.
A clutch is simph a device used to
control the flow of mechanical power
and may be found in different forms. A
positive contact clutch might consist of
two notched members that slide together
and transmit rotation. Although when
engaged it would offer no slippage, the
shock of engagement would make this
tvpe impractical for the main clutch as-
sembly of an automobile. It is used,
however, for the high gear drive within
the conventional transmission.
Overrunning clutches and unidirec-
tional clutches have many applications
but are not the answer to the automo-
tive problem.
Frictional-contact rim clutches serve
as brakes to stop the car and in centri-
fugal clutches dri\e go-karts, but
these cannot sohe the problem for ovn'
tail-finned monsters.
The first successful automotive
clutches were of the frictional-contact
axial variety. About 1905 the clutches
were of the cone type, faced with wood,
leather, or cork. These materials al-
lowed only 10-15 psi pressure plates, and
although they possessed high coefficients
of friction, they lacked strength and
heat resistance. Many clutches were
tried. Metal-to-metal friction surfaces
allowed high unit pressures but required
an oil bath to prevent surface scoring.
The oil reduced the coefficient of friction
to a value well below that obtainable
with dry surfaces. About 1910 the mul-
tiple disk dry-plate unit was developed
to meet the torque requirements of the
new motors.
The development of asbestos-base
friction facing made possible the single-
plate dry-disc clutch in 1915. The
torque output of the twenties had risen
to about 200 pound-feet. To meet the
ever increasing demands of the new
power plants face surfaces were im-
proved. Most of today's clutches still
employ this design with just better fric-
tion materials to match today's torque
output.
By 1925 two classes of friction ma-
terials were in use by the industry.
Woven facings of yarn woven in sheets
and die cut or woven in a circular pat-
tern are made from an asbestos base
compounded for high frictional and
heat-resisting characteristics. Non-yarn
materials resembling fiber boards com-
prise the second class of surfaces, mold-
ed facings. Molded materials are actual-
Iv cut from a rolled asbestos sheet which
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me foniifd on ;i special paper niachine,
(hied, (lie cut into o\eisi/.e rings, ini-
[iregnated and cured. One type of mold-
ed facing is actually made in a mold.
Desirahle clutch facings shoulil have a
high and uniform coefHcient of friction.
The properties should not be affecteil by
environmental changes like humidity.
Damp spells can cause chatter or e\en
prevent clutch release if the friction sur-
face is water sensiti\e. The abilit\' to
withstand high temperatures and to con-
duct heat awa\- are necessary properties
too. Resiliency', HexibilitN', and wear re-
sistance prevent replacements due to ex-
cessive wear. Flexibility allows the lar-
gest possible contact area liuring en-
gagement.
The foundation of most friction ma-
terials is organic. Metallic particles or
other suitable materials are bonded with
organic resins. Several companies are
producing sintered bronze facings to at-
tain better properties. Manhattan and
S. K. Wellman produce many sintereil
metal facings. S. K. Wellman and Hen-
dix are both manufacturing a new me-
tallic-ceramic material. Clutch designers
are continually stri\ing for better fric-
tion surfaces. Tests have been developed
for comparison. The burst test is per-
formed after heating the material to
300 degrees F. Failure by centrifugal
explosion may occur between 6500 to
12,000 rpm for most autonioti\e appli-
cations. Peak horsepower of high-per-
formance factory engines are rated at
about 6200 rpm. These engines in the
liands of o\ er-enthusiastic hot rodders
A double disc truck clutch
may reach seven to eight thousand rpm.
If \al\e float and or engine disinte-
gration do not limit the rpm the next
weak point will be noticeable as the
clutch explodes.
The slip test performed at 1,125 rpm
for '^O seconds is a severe test since a
first gear, full throttle start of a car
involves only two seconds. A second
gear start only invokes about four sec-
onds of slippage. During the slip test
after about 60 seconds smoke usualh'
appears, and a considerable loss of fric-
tion is noticeable in the last .^0 seconds.
Clutches that pass the slip test are given
the wear test. 10,000 repeated engage-
ments over a 27 hour period should pro-
duce wear in the neighborhood of 0.002
inches per thousand engagements.
Torque observations are also made dur-
ing the wear test to study any marked
change in friction that may occur.
.•\fter the laboratory tests pass a ma-
terial, road tests are performed in all
kiiuis of dri\ing. Hot, damp weather
helps to point out the shortcomings of
the surface.
Clutch design has been completely
taken care of for the production car.
The trouble arises when someone in-
creases the torque transnu'tted and raises
the maximum rpm. A clutch with a bet-
ter surface material and greater contact
area may be required. Dragsters and
other racing cars that must slip a clutch
imder great loads emplo\ multiple-disc
clutches. There is an airplane-engine-
powered dragster that uses an oil im-
mersed tug boat clutch. In every suc-
cessful racing project the clutch capacity
was considered. Even some clutch as-
semblies designed for racing have been
known to fail. If this happens to you,
don't panic. Clutch with the next better
assembly and hope.
Author's project will require good clutching
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The Dean Speaks
PROFILE OF THE
ENGINEERING FRESHMAN
By Assistant Dean H. L. Wakeland
After registration each fall one of the
first questions to arise in college aca-
demic groups is "How does the new
freshmen class look?" Similarly, new
freshmen, as well as upperclassmen, in
engineering are interested in the calihre
of the new class as it represents their
"competition."
Over the past few years, the new
freshmen entering the College of Engi-
neering have continued to impro\e in
calibre if high school percentiles, place-
ment tests, and subject matter present-
ed for entrance is a fair measure of
calibre.
In the early 1950's a study was made
of the entrance requirements and cur-
cricida offered in the College of Engi-
neering. Since that time, continuous re-
appraisals have changed both entrance
requirements and graduation require-
ments.
Mathematics Preparation
In 1954 the mathematics requirement
for entrance was changed from 3 units
(algebra 1 ^j units, solid geometry J/
unit, plane geometry 1 unit) to 4 units
(algebra 2 units, plane geometry 1 unit,
solid geometry ' _. imit, trigonometry Vj
unit). In 1936 the mathematics require-
ment \yas eased back to 3 J/ units as
the y2 unit of solid geometry was no
longer considered mandatory. During
this period of changes, the high schools
in Illinois improved rapidly in their
quality and depth of mathmatics in-
struction and the students coming to
the College of Engineering were better
prepared each succeeding year.
Figure 1 graphically illustrates the
improvement in both quality and depth
of the mathematics preparation of the
entering engineering freshman. In 1952
only 47.0 percent of the class presented
the 3jX units of mathematics now re-
quired for entrance as compared with
88.8 percent in 1960. This improve-
ment in depth of preparation has been
continuously impro\ing with each new
engineering class since 1952.
Likewise, the quality of mathematics
/OO
preparation has been improving as meas-
ured by the number of new students
passing the Mathematics Placement E\-
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amiiiation. In 1936, 45.4 percent of
those taking the examination passed as
compared with 65.7 percent in 1960.
-As students' mathematics preparation
has improved, an interesting "by-prod-
uct" has developed. Some of the more
progressive high schools, realizing the
advantage of advanced math programs,
began to ofter analytic geometry and
calculus and a number of engineering
freshmen now take integral calculus,
differential calculus or differential equa-
tions, as their first mathematics course
in the freshmen year. The number being
placed in advanced math has increased
each year as shown by the following
table.
Number of New Freshmen placed in:
1953
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Did you know that plain, ordinary
nails were once used to cure fever and
ward oft evil spirits?
Or that people have been saying "'hit
the nail on the head" for at least 2,000
years?
(^r. that your own house, if its a
typical frame building, is probably held
together by at least 67,000 nails?
Nails are such a commonplace neces-
sity of everyday life that hardly anybody
realizes what a long and fascinating
history they have.
The nail was invented all the way
back in the Bronze Age—once men had
learned to work metal, it didn't take
them long to discover that small bits of
it could be pounded into fasteners that
were far superior to old-fashioned resin
paste and leather thongs.
Some of the Bronze and Iron Age
nails that have been found in Europe
are merelv pointed slivers, widened at
the top. but others have mushroom-like
heads and are practicallv identical to
modern ones.
Nail-making was a flourishing indus-
try in England during the Roman occu-
pation in the 1st Century.
In the Orient, nails made of precious
metals with decorative heads were used
on religious monuments and on the
furniture of the wealthy, hundreds of
years before Christ.
King Solomon's throne, according to
tradition, was studded with golden
nails.
And in the Middle Ages, Europe, too.
began to use nails for decoration. Nails
with heads worked into elaborate star
and Hower designs, or shaped like ani-
mals and human faces, ornamented
church and castle doors, locks and iron-
work.
The harnesses and armor of medieval
knights were often studded with nails
bearing devices from the owner's coat
of arms.
And the metal, leather or embroid-
ered covers that protected precious
hand-illuminated manuscripts had decor-
ative nails down the edges to keep them
from scuffling and tearing.
Decorative nail-making was popular
throughout the Renaissance; it began to
die as cutting machines replaced hand
forging at the end of the 17th Century.
In America, cutting machines didn't
come into general ii.se until the 19th
Century. And. since nails were in great
demand in Colonial days, many fann
families found that pounding them out
by hand was a pleasant and profitable
occupation during the long winters.
In the middle of the 19th Century,
the invention of drawn wire revolution-
ized nail production. Drawn wire nails
could be turned out so quickly and
cheaply that they could be sold for hard-
ly more than the price of the wire itself.
Over the past 100 years, nail manu-
facturers have concentrated on perfect-
ing their product and developing new
types of nails for special uses. There
are over 400 kinds on the market today.
One of the newest is Jones & Laugh-
lin's Ardox nail, with a spiral shank
that turns like a screw when driven into
wood, to reduce the danger of splinter-
ing. Oddly enough, although it is 30'^f
easier to drive into wood, the Ardox
holds nailed pieces together more solid-
h than any ordinari, nail.
Most people use nails, of course, just
for the practical purpose of holding
things together, but over the centuries,
many more interesting uses have been
found for them.
The ancient Romans dro\e a nail into
the wall of the Temple of Jupiter every
year on the 13th of September, to tally
the year and to ward oft" plagues and
calamities during the months ahead.
The Roman scholar, Pliny, wrote
that it was fatal to sleep under a >ew
tree unless a copper nail was driven into
the trunk.
He also suggested treating epilepsy by
driving a nail into the ground where
the sick man had fallen, to capture the
evil spirit that possessed him.
The belief that practically any kind
of illness from a headache on up can be
treated by "Nailing of Evils"—driving
a nail into a tree trunk, wall, or any
other convenient surface, and leaving
the ailment behind, firmly nailed down
—appears in folklore all over the world.
One old English recipe for curing the
ague advises the sufierer to nail a lock
of his hair to a tree and wrench the lock
from his head.
Another, spookier but less painful,
tells the patient to go to the crossroads
at midnight, alone, and as the clock
begins to strike, turn around three times
and drive a tenpenny nail into the
ground, then walk away from the spot
backwards before the clock finishes the
tweltth stroke.
In the Scottish Highlands, women in
childbirth used to be protected from the
elves by a row of iron nails on the front
of the bed.
Nails keep popping up in the proverbs
and similes of practicalh ever\ lan-
guage, too.
The Roman dramatist. Plautus. had a
character exclaim. "You've hit the nail
on the head." in 200 B.C.
The French story-teller. Rabelais,
who may or may not have read Plautus.
came up with a similar expression in
the 14th Century, and 200 years later,
Cervantes' Don Quixote said in Span-
ish. "I may at last hit the nail on the
head." The phrase has been common in
English since the 16th Centry.
The expression, "nail in your coffin "
for any habit that actually or supposed-
ly shortens life dates from the 18th
Century, when the English writer. John
Wolcot. decided that
:
"Care to our coffin adds a nail, no
doubt.
And every grin .so merr\ drives one
out.
"
"As dead as a doornail" first appears
in the 14th Century, in William Lang-
land's J'ision of Piers Plouiiuin.
And then there is the familiar nursery
rhyme, known in a dozen difterent ver-
sions:
"For want of a nail, a shoe was lost.
For want of a shoe, a horse was lost.
For want of a horse, a rider was
lost . . ."
Sometimes the rider who takes the
fall turns out to be a king who was
leading his army in battle, and the
verse ends with the loss of battle and
kingdom, "all for the want of a horse-
shoe nail . . . "
—
probably the most dra-
matic tribute paid to the nail in all its
5,000 years of useful life.
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THIS YOUNG ENGINEER
IS ON THE ROAD TO MANAGEMENT
Dick Cotton knew he wanted to take the
engineering route into management long before
he joined X'ew Jersey Bell Telephone Company.
In fact it was his goal when he was working for
his engineering degi-ee at Rutgers.
When he gi-aduated, he had his lines out to
eleven other companies. He came to New Jei-sey
Bell because: "I didn't feel I was just a number
to these people. There was no doubt in my mind
that this job would be the best for the long pull."
His first assignment was a tough one. A com-
ple.x of major telephone cables lay in the path of
the approach to the new traffic level of the George
Washington Bridge on the Hudson. Dick's job
was to find the most practical and economical
way to reroute these cables, and at the same time
to pro\ide for future telephone growth in the
area around the bridge approach.
Dick ironed that one out and got a crack at
another tough job.
Xext stop: New Jersey Bell Headquarters
Engineering Staff, Special Studies Group. Here
Dick was a member of a four-man team whose
job was to find ways to eliminate some of the
routine work of field engineei"s to give them
"more time to think." Dick also helped plan
and control a $100,000,000 annual telephone con-
struction budget.
Presently, Dick is responsible for telephone
equipment engineering projects in the Camden,
Xew Jei-sey, area.
How does Dick look at it? "This is a growing
business. I work with this giowth every day.
And giowth means more I'ooni at the lop. Of
course, I don't figui-e I'll get there overnight—
but on my jobs so far I've had a chance to lake
a good look at how this business is run. .And I
think the sky's the limit for a man who really
wants to work for it."
// you're a guy who can tackle a tough job and
deliver the goods— then you're the kind of man who
should find out more about the Bell Companies.
Visit your Placement Office for literature and addi-
tional information.
"Our number one aim is to hare in all
management jobs the most rital, intelli-
gent, positive and imaginative men we
can possibly find."
Frederick R. Kappel, President
American Telephone & Telegraph Co.
i^
BELL TELEPHONE COMPANIES
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BUT, MONSIEUR BERTRAND, OUR COINS HAVE MEMORIES!
You said, "A coin has neither a memory nor a conscience." The reliability of our inertial guidance
system depends on its having both. Thus, our reliability engineers must go beyond your venerable
formulae in developing dependable guidance packages for missiles like Titan.
Perhaps you would like to help us apply such classical theories as Bertrand's to space age guidance
and navigation? If so, you are invited to inquire about AG's Program for Recent Graduate Engineers
consisting of formal engineering and on-the-job training in Reliability, Manufacturing and Engineering.
For AG interviews during the GM campus visit, contact your placement office, or wTite G. F. Raasch,
Director of Professional Employment, 7929 S. Howell, Milwaukee 1, Wis. Professional speakers from
AC are also available by writing Mr. Raasch.
AC SPARK PLUG ^ THE ELECTRONICS DIVISION OF GENERAL MOTORS
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OUT OF THE LABORATORY
Bringing space down to earth... this
laboratory space capsule is designed to measure
mans physiological and psychological limits and
test life support systems under simulated space
flight conditions. Now scientists will be able to
studv. simultaneously, the space flight stresses of
high altitude, acceleration, heat and isolation.
Developed and being built by Garrett's .^iKe-
search divisions for the U.S. .\ir Forces ^X right
Air Development Division, this ground test space
capsule is an example of Garrett's research leader-
ship in life support and secondary power systems
for space vehicles for long duration flight at zero
gravity. Development of tliese life support systems
utilizing cryogenic gases and efficient turbine
drive secondary power systems using solar or
nuclear energy are opening up vast new worlds
of exploration and career achievement for engi-
neers in the space age.
A world leader in the development and manu-
facture of major systems and components for
aircraft and missiles as well as advanced flight
\ehicles. The Garrett Corporation provides an
orientation program lasting a period of months
for the newly graduated engineer, working on
assignments with experienced engineers in labora-
tory, preliminary design and development projects.
Should you be interested in a career with The
Garrett Corporation, write to Mr. G. D. Bradley
in Los .Angeles.
¥HE
esearch Manufacturing Divisions
£.05 Angeles 45, Calijurnia • Phoenix, Arizona
OTHER DIVISI
AIRESE A RCH
ONS AND SUBSIDIARIES A I RS U PPLY- AE RO ENGINEERING • AIRESEARCH AVIATION SERVICE • GARRETT SUPPLY • AtR CRUISERS
INDUSTRIAL. • GARRETT MANUFACTURING LIMITED • M AR WEDEL • GARRETT INTERNATIONAL S A • GARRETT tJAPAN> LIMIT EOf
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May is the month for flowers and,
better yet, our May Technocutie, 1 8-
year-old Bonnie Phyllis Kamstock. The
raven-haired beauty is experiencing
her first year at the U. of I. and is en-
rolled in Elementary Education. Bon-
nie loves little children and is even
hoping to be with them this summer
working as a camp counselor. Chica-
go is her hometown, and she is now
a resident of Allen Hall. By no amount
of coaxing could we find any of her
personal dislikes, but we did discover
that she is particularly fond of draw-
ing, dancing, and, of course, someone
to dance with— particularly those spe-
cial breeds of dancers sometimes re-
ferred to as ME's, EE's, CE's, etc. We
saved the best for last and we'll let
these vital statistics speak for them-
selves: 5'5", 120 pounds, 36"-22"-36".
Technocutie . . .
BONNIE KAMSTOCK
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YOU CAN AIM YOUR CAREER IN EITHIR DIRECTION
AT STROMBIRGCARLSON
Division of General Dynamics
. . .where a group of outstanding scientists
and engineers are conducting both theoretical
and applied studies in many aspects of the
science of communications
While our broad concern at Stromberg-Carlson is in the acqui-
sition, transmission, processing, storage and display of com-
munications data, ancilliary investigations — often seemingly
remote — are carried on to enhance our basic understanding
of the communications field.
TO THE ADVANCED DEGREE CANDIDATE this fre-
quently offers the opportunity, upon completion of his studies,
to continue theoretical investigations initiated in thesis
preparation.
TO THE MAN WHO HAS RECENTLY RECEIVED HIS
BS, it provides varied career choices: to work directly with
experts on research projects; to participate in advanced devel-
opment engineering concerned with the solution of complex
systems engineering and equipment problems; to undertake
the design of specific hardware which may involve the 6rst
practical utilization of new knowledge.
AT ALL LEVELS, the opportunities for professional growth
are exceptional, not only through concentration on work in
advanced areas but through continual contact with able men
trained in other disciplines. Informal consultation between
engineers, physicists, mathematicians, psychologists and lin-
guists is available on a day to day basis. Further, with scien-
tists it is the aim of Stromberg-Carlson's technically-trained
management to maintain the atmosphere of the academic
world, encouraging discussion, publication of papers and par-
ticipation in technical symposia.
The list below indicates
the range of work currently
in progress.
FIELDS OF RESEARCH ENDEAVOR
Paramagnetic Resonance
Thin Photoconductor Films
Ferroelectricity
Propagation and Coding
Speech Analysis
Bandwidth Compression
Hydro-Acoustic Transducers
Molecular Electronics
Defect Solid State Physics
Parametric Devices
Tunnel Diode Logic
Scatter Propagation Analysis
Plasma Physics
ADVANCED DEVELOPMENT t ENGINEERING
ICBM Communications
Electronic Switching
Nuclear Instrumentation
High-Speed Digital Data Communications
Electronics Reconnaissance Systems
Single Sideband Communications
Synchronous Data Transmission
ASW Techniques
Machine Tool Automation
Radio Data Links
High Intensity Sound Generators
Air Acoustics
Shaped Beam Display Systems
High-Speed Automatic Missile Check-Out Equipment
Super-Speed Read-Out and Printing Equipment
Electro Acoustics & Transducers
Logic Systems
Sound Systems
RF Equipment
Precision Hi-FI Components
For further information write to the College Relations Section,
Engineering Personnel Department.
MBERG-CARLSON
A DIVISION OF GENERAL DYNAIVII
1450 North Goodman St., Rochester 3, New York
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Wheref
We're not looking for a
direct answer.
This is just to remind you
thot a good l<nowledge of
miniaturization is worth having
— wherever you go in the
world of engineering.
Keeping engineering minds
well-informed on the latest
progress in — and with —
MPB miniature and instrument
bearings is one of our main
objectives. MPB bearings are
made in over 500 types and
sizes, with O.D.'s from 5/8"
to l/lO". They are used in
over 16,000 applications,
ranging from dental
handpieces to missile systems.
Magnificent Miniatures,
a 16mm color and sound film,
pictures the manufacture and
uses of MPB bearings. The new
comprehensive MPB catalog
with basic engineering informa-
tion, describes the complete
line and many applications.
Both are available to your
class or group, without charge,
from Miniature Precision
Bearings, Inc., 35 Precision
Pork, Keene, N. H.
THE ROUNDHOUSE
James H. Stein, Jr., Tau Beta Pi
His grin, as usual, was wide and
CNiiical, and his clear blue eyes were
sparkling mischievously as he mentioned
the Roundhouse. Several of his students
caught the humor and laughed appreci-
atively. Dr. Engel had just announced
a (German midterm to be held in the
L diversity Auditorium.
I laughed at that gentle satire on
Helps you perform
miracles in instrumentation
the Auditorium two years ago, but
today it no longer strikes me as funn\'.
(^Lir Roundhouse is not a laughing mat-
ter; our need for a decent auditorium
is too great, and the administration's
concern too small.
The L niversity of Illinois is one of
the larger and better uni\ersities in the
Midwest, an important center of learn-
ing and of culture. Nevertheless, when
a leading French drama group visited
the campus to perform a Molliere com-
edy, they were forced to perform with-
out scenery. America's greatest baritone
was recently asked to sing in concert to
the accompaniment of a rasping air con-
ditioner. Some of the world's finest or-
chestras have played here, either in the
huge, boxy gymnasium where the deli-
cate melodies of the strings cannot carry,
or in the misproportioned pillbox where
acoustical demons slay the woodwinds.
All these atrocities are sanctioned by
a university administration which either
can not, or will not, provide the cam-
pus with the cultural center it so sorely
lacks: a concert hall.
The University Auditorium acoustics
are admittedly bad. Some members of
the audience are beseiged by echoes,
others cannot hear at all. Needless to
say, the conditions in Huf^ Gym are no
improvement. A Chicago columnist
heard the Philadelphia Orchestra per-
form here, then returned home to write
of the university's "medieval concert fa-
cilities."
Stage equipment at the auditorium is
also at a minimum. Performers' mana-
gers are invariably amazed that a con-
cert hall could be so completely barren.
There are no battens, poles, rigs, lights
or wings, nor is there any feasible way
to install them. The only curtain (a
deep brown which mismatches the red
velvet backdrops) is an earsore as well
as an eyesore. Its schrill squeaks spoiled
e\ery dramatic climax staged by a Span-
ish ilance group here recently.
These conditions work a double hard-
ship on the Star Course in its attempts
to present as wide a variety of superior
talent as possible. First, the lack of fa-
cilities excludes even the thought of
bringing a full scale opera or ballet to
campus. The performers wouldn't and
couldn't perform. Second, the continu-
ing and increasing antipathy of the pub-
lic tovcards the worse-than-archaic facil-
ities (small European villages had better
concert halls two centuries ago) has
led to a decline in attendance of musi-
cal events over the past few \'ears. As
a result, stars who repeatedly sell out
larger concert halls at smaller colleges
than here often play to a half-empty
house at Illinois. This means less reve-
nue for the Star Course, and thus some
superior attractions cannot be booked.
The public is the loser.
Still, the administration apparently
ignores the community's need for ade-
quate concert facilities to replace the
pathetic auditorium. It was the realiza-
tion of this tragic situation which
caused my German teacher to scorn our
"concert hall" two years ago. I now
v.onder whether Dr. Engel is not more
accurate and less facetious in calling
the auditorium a round house, than is
the administration in calling the rf>und-
house an auditorium.
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Nuclear Power and Its Applications. Part IV
Controlled Nuclear Fusion
By George Carruthers, N.E., B.S.Aero.E.
The first three articles of the series
have shown many possible applications
ot nuclear fission. Although seemingly
inexhaustible, however, the worlds sup-
ply of fissionable material is really quite
limited, and before long man will have
to turn to some other source of power.
It is in controlled fusion, the power
source of the siui and stars, that lies
promise of the ultimate power supply.
-At present, the world power con-
sumption is 0.1 Q per vear. where one
Q is 10>^BTU. By the year 2000. we
will be using 1 to 2 Q per year—ap-
proximately an exponential increase.
The total world reserve of fossil fuels
is estimated to be only 35-40 Q, there-
fore, if coal. oil. etc. were the only
source of power, we would be in danger
of running out before long. In addition,
there are many uses of coal and oil in
the chemical industn' for the manufac-
ture of plastics, dyes, drugs, etc. which
would be endangered by the continued
use of these raw materials as fuels.
The additional benefit obtainable
from the use of L -2^5 in nuclear power
reactors is slight, because the world re-
serve of this fissionable uranium isotope
is only about 13 (J. However, if the I -
235 were used in breeder reactors,
which convert non-fissionable I -23h
iruo plutonium as well as produce
power, the total fission power available
(corresponding to complete consump-
tion of 1-238 as well as L -235 ) rises
to 2000 Q. Even this, however, would
not last indefiniteh.
If we consider the use of deuterium,
the heavy isotope of hydrogen, as the
fuel for a thermonuclear reactor, we
find that there is enough deuterium in
ocean water to provide about 10" Q
—
enough to supply the world's needs for
an indefinite period of time. Therefore,
much research is being done throughout
the world in an attempt to tame the
fusion reaction. The L nited States ef-
fort alo[ig these lines. Project Sheruootl.
was begun in 1952 and has contributed
much new knowledge of the basic prin-
ciples of controlled fusion technology.
The Process of Nuclear Fusion
It was shown in the first article of
the series that the graph of binding en-
erg>- per nucleon (energy required to
"Perhapsatron" experimentol pinch tube
break the atom up intf> its constituents,
divided by its mass number) started out
from zero for hydrogen, reached a maxi-
mum in the region of Iron (A— 50)
and then graduall\ decre.isrd toward
the heavier niicliiles. Nuclei tend to
reach equilibrium at the point of maxi-
nuun binding energ\ ; that is. the hea\ icr
nuclei tend to break up into lighter
parts close to the maximum of the
curve, with a release of energy equal to
the difference in the total binding en-
ergy (fission of 1-235. for example),
while the lighter nucleon tend to com-
bine, or fuse, to make atoms of inter-
mediate weight, also with the relea>e of
energ\'. In fusion reactions, the rnerg>
release per nucleon is usually greater
than in fission reactions, because the
differences in binding energies are much
greater in the light nuclides than in
the very heavy ones.
The fusion reaction is known to be
the source of energy in the sun and
other stars. In the center of the sun,
and in the hotter stars, the primary
source of energy is believed to be the
so-called "carbon cycle," in which car-
bon acts as a sort of catalyst for the
combination of four h>drogcn atoms to
form a helium atom.
CARBON CYCLE
,H' ^c'^ — .n" * y
,H'*,N'*-*.C'^+ .He''
(V=SAMMA RAY; i>^ NEV/TRINO)
In the outer parts of the sun, and in
the cooler stars, the direct proton-pro-
ton chain is believed to be the primar>
source of energy. In both reactions, the
net reaction is the combination of tour
hydrogen atoms to form one helium
PROTON- PROTON CHAIN
,H' +,H' — ,H^*,e++ iJ
,H' +,H^ — ,He + Y
Hc'+He'—.He. H'-^.H'
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the ionized gas. or plasiiin. no longer
tolloweds the Stetan-Boltzniann law-
tor black-body radiation in which the
power radiated is proportional to the
fourth power of the absolute tem-
perature. Instead, the radiation is most-
ly in the fonn of brcmslrahluiiij
. or
"braking radiation." a type of continu-
ous X-radiation caused by the decelera-
tion of electrons in the electric fields of
the positive nuclei. This radiation is pro-
portional only to the square root of the
temperature. If the plasma is contamina-
ted by atoms of heavier elements, these
heav\- atoms retain some electrons and
emit a black-body spectrum which in-
creases tremendously the radiative pow-
er loss of the plasma ; it is verv im-
portant to keep the plasma free of all
impurities.
As may be seen from the graph, rate
of power generation exceeds radiation
losses at about 45 million degrees for
the D-T reaction and -Ml(! million de-
grees for the D-D reactioTi. Reaction
cross sections as a function of temper-
atures are also shown.
Controlled Thermonuclear Devices
Because of the extremely high temper-
atures of themionuclear reactions, and
the need for high purity of the plasma,
the only practical means for the con-
finement of the reaction is the use of
magnetic fields. The basic laws govern-
ing the interaction of magnetic fields
with an electrically-conducting plasma
are based on Maxwell's equations, the
Lorentiz force equation, and other equa-
tions of electrodynamics, as well as the
ordinary equations of gas dynamics and
hydrodynamics. This combination of
electrodynamics and fluid dynamics
forms the new science of magnetofluid-
dynaniics. or plasma dynamics. One of
the first major efforts of the Sherwood
project was to gain a basic understand-
ing of plasma d\"mnacic processes.
One of the first methods for confining
and heating a plasma to thermonuclear
temperatures which was investigated
was what is known as the pinch effect.
The pinch effect, discovered in early
experiments wnth electric arcs, is an ap-
plication of the fact that conductors
which are parallel and carry current in
the same direction attract each other.
In an electric arc discharge, the flow of
current in one part of the discharge
exerts an attractive force on the cur-
rent in another part, with the result that
the plasma column is "pinched" into a
very slender cylinder. The magnetic
pressure. Pmag.. is proportional to
to the square of the current. The
decrease in cross-sectional area of the
plasma column results in an increa.se in
current density and therefore an in-
crease in temperature. To produce a
temperature of 10" "K under typical
pinch conditions requires a current of
p (D-T «•«' ;
(>,(»-0 tl«3j
, //
Pl.ikSMA TiMr 9vu^c&e*> CM • &ftV.
Power output and cross section curves for fusion reactions
Two basic types of plasma pinch instabilities
Life and death of a pinch in the Perhapsotron tube. Time from start of
discharge is in microseconds.
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Basic equations of thermonuclear physics
over a million amperes. Currents of this
niafinitude can be produced only for
short periods of time, through the use
of condenser bank discharges. There-
fore, all work of tliis type has necessari-
ly been with "pulsed" operation, with
maximum discharge times of the order
of a few milliseconds.
One of tbe first devices used in the
inxestigation of the pinch effect for use
ill thermonuclear reactors was the Per-
hapsatron. In this device, a toroidal dis-
charge tube filled with low-pressure gas
served as the secondary winding of a
transformer, the primary of which was
a few turns of wire along the surface
of the tube. When the primary wind-
ings were energized by a condenser dis-
charge, a high current discharge was in-
cluded in the gas in the tube. The dis-
charge rapidly pinched ilown to a thin
filament, but was quickly destroyed by
instabilities.
It was though that |iart of the insta-
bility problem might be caused by the
fact that the magnetic field varies from
the inside to the outside radius of the
discharge tube. Therefore, a figure-S
type configuration, the Stellarator, was
built and tested. Although much useful
data was obtained, this did not fully
solve the instability problem.
It was found that there are two basic
types of pinch instability. The first,
known as "kink" instability, results from
the fact that, when there is concave cur-
vature in the plasma, the magnetic field
lines are bunched together, resulting in
a force which tends to increase the
curvature, and so on. The second type,
known as "sausage" instability, results
from the fact that the field strength is
greatest where the pinch is narrowest,
which tends to decrease the diameter,
etc. with the result that the plasma
is actually pinched in half like a sau-
sage. It was discovered that the pinch
might be stabilized by the use of a lon-
gitudinal magnetic field which would
act as a sort of "backbone" to the plas-
ma. It was discovered that, using the
superimposed magnetic field, that the
cylindrical and torodial type discharge
tubes were just as good as the pretzel-
shaped Stellarator, with the result that
the latter project was discarded. C^ne of
the experiments along these lines is the
Columbus device.
In all of the devices using the pinch
effect, it was very difficult to get tem-
peratures high enough for any obserx-
able thermonuclear reactions to take
place. The reason for this was that, as
the gas in the pinch was heated, its con-
ductivity increased so greatly that, be-
yond a certain point, the resistance «'as
difficult to add any further energy to
the gas. Therefore, other means for
heating the gas were imestigated.
At Oak Ridge, work was done in the
Molecular Ion Ignition experiment,
known as I)C-X. In the DC-X device,
a high-intensity carbon arc was estab-
lished along the lines of a magnetic
field. Molecular deuterium ions (D*^)
were shot into the arc from a direction
perpendicular to the magnetic field by a
ftUtl-Kev accellerator. When the molecu-
lar ions passed through the arc, they
were dissociated. The neutral deuteri-
um atoms then passed out of the field
while the deuterium ions were trapped
in the field and formed a circulating
ring current, which theoretically could
be made to have thermonuclear temper-
atures.
At Los Alamos, the concept of Mag-
netic Compression was investigated. In
a device known as Scylla, a cylindrical
discharge tube was surrounded by a flat
turn of copper which, when connected
to a condenser bank, not only heated the
gas to extreme temperatures but created
a magnetic field which compressed the
plasma to a very small volume. In the
Scylla III device, an ion temperature of
.lb million degrees was obtained using
a maximum field strength of 115,000
gauss. 50 million neutrons, undoubted-
ly of thermonuclear origin, were pro-
duced during the microsecond-long dis-
charge.
Another concept being investigated is
that of the "magnetic mirror" or "mag-
netic bottle." If a magnetic field is made
stronger at both ends of a discharge
"Scylla III" in operation
tube, the plasma tenils to be trapped in
the region between of lower field
strength. By use of various arrange-
ments of field coils, the plasma can be
compressed into smaller and smaller
"bottles," thereby po.ssibly obtaining
thermonuclear temperatures. Efforts in
this direction are Table Top and Toy
Top magnetic mirror machines.
It can be shown theoreticalh' that a
plasma tends to be unstable if the mag-
netic field is concave inward, as in the
magnetic bottle. However, it tends to
be stable if the field is concave outward.
One of the projects being investigated at
Los Alamos utilizing this concept, is the
Entropy Trap. In this device, high-ve-
locity plasma is shot into a magnetic
"picket fence" which traps the plasma,
converting its kinetic energy into ther-
mal energy. As yet, no attempts have
20 THE TECHNOGRAPH
L U« ^a M* |w bf <*MUi *>tft Mu^ .aSa
M dtkar •!«•. aim. Ik( *Ma «
The principles of "Entropy Trapping"
been made to obtain thernionuclear re-
actions with this device.
At the present time, it appears that
thermonuclear power is not just around
the corner. It will be at least ten to
twenty years before thermonuclear de-
vices become operational. In many early
experiments with pinches, it was thought
that thermonuclear reactions were ob-
tained because bursts of neutrons were
detected just before the pinch was des-
troyed by instabilities. However, it was
found that the neutrons were not due
to true thennonuclear reactions, but to
collisions of deuterons accelerated by the
strong electric fields existing at the
point of onset of a sausage-type insta-
bility. -Although neutrons of later ex-
periments have been shown to be of
thermonuclear origin, the durations ot
the discharges are much too short to
permit production of useful pouer. The
instability problem is still not complete-
ly solved.
In an operational thermonuclear re-
actor, it may be possible to generate
electric power by direct interaction of
the plasma with magnetic fielils, there-
by eliminating the heat-exchange cycle
of the fission reactor power plant. Au
operational reactor would almost cer-
tainly be very large, and probably a fe\\
such power plants would serve the en-
tire nation's needs for electric power.
Another field in which thermonuclear
power woulil be very useful is in rocket
propulsion. Assuming that the confin-
ing coils can be cooled sufficiently to
handle the radiative heat transfer, it is
theoretically possible to build a thenno-
nuclear rocket with 20(10-3000 seconds
specific impulse with thrust-to-weight
ratio comparable to that of chemical
rockets. This would make true the sci-
cnce-fiction-story spaceship capable of
going from the Karth to Mars and back,
with landings at both ends, using only
a single stage. Alternately, if the hot
plasma itself could be used as working
Huid instead of transferring heat to a
secondary fluid (the "leaky bottle"), up
to .?S0.O0() sec. could be obtained, with
a much lower thrust-to-weight ratio.
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Optical Study of Supersonic
Boundary-Layer Transition
.\luri)>ec(inii - dela> >cldieren photo-
graphs of supersonic boiuulary-layer
transition taken at the National Bureau
of Standards provide ilefinite optical
evidence that boundary-la\er transition
processes in a supersonic air stream are
similar to those in a subsonic streani.
The photographs were taken using an
unusual cylindrical-lens camera de-
signed and constructed at the Bureau.
DEAN'S PAGE . . .
( ('.oiiliiiiird friiiii I'ai/f V
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The new entrance requirements for
the College ot I'.ngineerini;, which mi
into effect in the Fall lOd.?, will proh-
abl\ raise the level ot preparation and
ability ot the freshman clas- even high-
er than at present. The new entraiue
requirements for freshmen coming from
high schools call tor .^ units ot I'nglish.
2 units of algebra, I unit ot plane ge-
ometry, '/j unit of trigononietry. 2 units
of science, 2 units of social studies and
2 units of foreign language. The two
units of science must be selected from
the areas ot chemistrv, phvsics or bi-
ology.
With this forthcfiming change in en-
trance requirements and a contiiuial re-
evaluation of entrance and degree re-
quirements, the College of l"ngineering
is confidently Iwiking forward to a con-
tiiuial increase in the qualitv and prep-
aration of entering students.
X-Ray Barrier Determinations
.\IiaMiiiuiiiit> iii.iiic U\ ilic National
Bureau of Standards indicate that the
calculated thickness of .\-ray barriers
may often be excessive. This conclusion,
based on data collecteil in hospital and
clinic X-ray rooms, may result in sav-
ings in the cast of future installations.
Glycerine in Ravioli? Why not?
In patent No. 2.0S(l,'>7iS issued Au-
gust 30th. 1060, glycerine finds use as
a plasticizer in a staple of the Italian
cuisine—ravioli.
Glycerine, in a quantity ranging from
3 to 15',' based on dry weight of the
flour used, is incorporated in the dough
during its initial mixing to prevent
cracking of iiidividual ravioli after dry-
ing.
According to the inventor, advan-
tages of glycerine for this application
are the following: it is water soluble,
completely digestable and totally unaf-
fected by elevated drviiig and water-
boling temperatures.
Aluminum Engine for '61 Lancer
.\ six-cylinder engine with an
aluminum block is now available in th-
\'>l)\ compact Dodge Lancer, Dodge
(ieneral NIanager Bvron J. Nichols an-
nounced recently.
The new cylinder blcK-k is die-cast,
Nichols said, and is offered only with
the 145-horsepower, 225-cubic-iMch six-
cylinder engine.
Several thousand l.ancers with the
22^ aluminum engine are presenflv in
dealers hands, he revealed.
The aluminum bliK'k reduces the
weight of the engine by almost 65
pounds. .X si\-cvlinder engine with cast-
iron block vvil/li~ 41 ? pounds.
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SIMPLIFY
wifh I
MANUFACTURER
PRODUCT LINES
Chances are you'll eventually be involved
in some way with specifications for:
AIR CONDITIONING
REFRIGERATION
HEATING
HEAT TRANSFER
and chances are you'll profit by knowing
the One Manufacturer providing
"one source-one responsibility" for all 4.
DUNHAM-BUSH, INC.
WEST HARTFORD 10 • CONNECTICUT • U. S. A.
IN THE ROUND
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Going arouiul in a circle ilocsn't niaki"
\oii a square. At least that's the idea
of Architect Orville Rauer who put this
geometric figure to unusual architec-
tural use in designing an exciting new
circular home that has a \ie\v from
every window and a new degree of
compactnefs, space and livability.
His blueprint for comfort and graci-
ous living may suggest ways for otlier
homeowners to build better dream
houses.
The site selected for the l?aucr home
was a rounded hilltop o\erlooking the
picturest]ue panorama of Toledo's Mau-
mee River Valley. To make the view
an integral and dramatic part of the
design and decoration of his hilltop
home. Architect Bauei' de\ised a plan
of two circles with circular perimeter
walls of glass that give the home an
airy, spacious feeling in every room and
untiring treetop beaut\ that changes
with every season.
The main circle (see diagram), which
is 46 feet in diameter, nestles into the
rounded bank of the hillside while the
other smaller circle, which is 25 feet
in diameter, is suspended on slender but
strong steel columns for a genuine tree-
house effect. The circles are connected
by an eight-by-eight-foot entrance cor-
riilor that provides access to both levels
of the house.
In the main or "h\ing" circle, the
o\rr-all plan is designe<l for pri\'ac\' and
conxenience. This circle contains a mas-
ter beilroom joining a bathroom, powder
room and paneled den, two large bed-
rooms and private bath for the Hauer
children, and a kitchen and dining area.
In the children's rooms a folding door,
used to separate the rooms at night, is
o|iened in the daytime to provide a large
pla\ area. Each room contains spacious
closets and adjustable shelves for cloth-
ing and storage. Entrance to this circle
is made from the main corridor to either
the paneled den or the kitchen-diru'ng
area.
The second smaller circle, which is
the only truly circular rcjdm in the
house, is the living room. It has a ten-
foot-high ceiling, as compared to con-
ventional eight-and-one-half foot ceil-
ings in the rest of the house to pro-
\ide the maximum spacious feeling ile-
sired. A large, crescent-shaped fireplace,
built of the same native Ohio fieldstone
Used on the house foundation, acts as
anchor for the living room.
This room, which is suspended above
a concrete porch on the lower level, is
of steel frame for structural support.
Its view is the private world of treetops,
seen through a circular wall of ceiling-
high, eye-level windows. Here, as in
other v.'indow areas, a special doublc-
( CdutiniK d nil Piu/c 24)
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The Nuclear Ship Savannah
is capable of sailing 350.000 nautical
miles without refueling. Her uranium
oxide fuel is packaged in tubes of Nickel
Stainless Steel, more than 5.000 of them.
In all, engineers specified 200,000
pounds of Nickel Stainless Steel for use
in the ship's reactor... to meet the de-
mands of high operating pressures and
temperatures, and to provide much-
needed strength and corrosion resist-
ance in this critical application.
How Inco Nickel helps engineers make new designs possible and practical
When you design equipment, you'll
have to select materials to meet given
service conditions — materials that
might have to resist corrosion, wear,
high temperatures, or fatigue. Over
the years, Inco has developed new
alloys and gathered information on
the performance of materials under
these and many other service con-
ditions. Inco will be glad to put this
data at your disposal to help solve
your future metal problems.
Inco's List "A" contains descrip-
tions of 200 Inco publications which
are available to you, covering appli-
cations and properties of Nickel and
its alloys. For List "A", write Educa-
tional Services.
The International Nickel Company, Inc.
New York 5, N. Y.
New push-button roof of Nickel
Stainless Steel turns a weatherproof
auditorium into an open-air stadium in
a matter of seconds. The dome will pro-
vide years of carefree beauty. That's
because stainless steel with Nickel in it
is one of the most durable of metals. It's
corrosion-resisting all the way through.
Needle's eye reveals relaiive si^.o
of a Thermistor, a tiny bead made with
Nickel o.\i<le—used to measure temi>era-
tures in and beyond the earth's atmos-
phere. The Nickel oxide helps develop
electrical properties for the acournto
recording of temperature changes us
small as l/50th of a degree!
INTERNATIONAL NICKEL
I.iniitcH (Inco-rannila)
The International N'ickel Companv. Inc., is the U.S. affiliate of The International Nickel fompany of t anailn
-producer of Inco Nickel, Copper', Cobalt, Iron Ore, Tellurium, Selenium, Sulfur and Platinum. Palladium
and Other Prcx.ou» Mo.aU.
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One of a series
Interview with General Electric's
Francis J. Boucher
Manager-Manufacturing Personnel Development Service
How Good
Is Your Best Job Offer • • •
Q. Mr. Boucher, wifh all the job inter-
views a graduating engineer goes
through, how can he be reasonably
sure he has made the right choice?
A. This is a good question because
few seniors have enough work ex-
perience in industry, government
and educational institutions to
allow them to make a fully rea-
soned choice. However, I think the
first step is to be sure that short-
term factors like starting salary
and location don't outweigh long-
range factors like opportunity and
professional growth. All of these
factors should be evaluated before
making a final commitment.
Q. But you do feel that starting salary
is important?
A. Verj- much so. If you are mar-
ried—it may be an even greater
consideration. But you should also
look beyond starting salarj'. Find
out. for example, if the company
you are considering has a good
salary administration plan. If there
is no way of formally appraising
your performance and determining
your appropriate rewards, you run
the risk of becoming dissatisfied
or stalemated due to neglect of
these important considerations.
Q. What considerations do you feel
should be evaluated in reaching a job
decision?
A. Let me refer you to a paper
written by Dr. L. E. Saline, now
Manager of Information Systems
in our Defense Systems Depart-
ment. It is titled "How to Evaluate
Job Offers." (Incidentally, you may
obtain a copy by writing as di-
rected in the last paragraph.) In
it. Dr. Saline proposes six ques-
tions—the answers to which should
give you much of the information
you'll need for an objective job-
offer evaluation. He suggests you
determine . . .
• to what degree will the work be
challenging and satisfying?
• what opportunities are available
to further develop abilities?
• what opportunities are there for
advancing in the Company (and
how dynamic the Company is in
the marketplace is an important
asp)ect of this question).
• what salary potentials are pos-
sible with respect to the future?
• what about geographical location
—now and in the future?
• what effort does the Company
make to establish and maintain a
professional climate?
There is more to these questions
than meets the eye and I think
you would enjoy reading Dr.
Saline's paper.
Q. What about the openings on de-
fense projects that are listed in the
various magazines and newspapers?
A. Presumably, there will always
be a need for technical manpower
in the defense business. But I
want to point out to you that most
of these opportunities are for ex-
perienced personnel, or personnel
with specific additional training re-
ceived at the graduate level.
Q. How do you feel about training
programs? Do they offer any particular
advantages over any other offer I
might accept?
A. I feel training programs are par-
ticularly helpful in easing the tran-
sition from an academic to a
business environment. Of course
they provide formal training de-
signed to add to the individual's
basic fund of knowledge. They
also provide working experience in
a variety of fields and a broad
knowledge of the companj' con-
cerned and its scope of operations.
Upon completion, the individual is
generally' better prepared to decide
the direction in which he will pur-
sue his professional career.
General Electric conducts a num-
ber of training programs. Those
that attract the greatest number
of engineers are the Engineering
and Science, Manufacturing, and
Technical Marketing Programs.
Each combines a formal, graduate-
level study curriculum, on-the-job
experience, and rotating assign-
ments. There is little question in
my mind that when an engineer
completes the Program of his
choice, he is far better prepared to
GENERAL
choose his field by interest and by
capability. I might also add that
because of this, he is more valuable
to the Company as an employee.
Q. Then you feel that a training pro-
gram is the best alternative for a
graduating engineer?
A. Not always. Some seniors have
already determined the specific
field they are best suited for in
terms of their own interests and
capabilities. In such cases, direct
placement into this specific field
may be more advantageous. Pro-
fessional self-development for these
employees, as for all General Elec-
tric technical employees, is en-
couraged through a variety of
programs including the Company's
Tuition Refund Program for work
toward advanced degrees, in-planl
courses conducted at the graduate
level, and others designed to meet
individual needs.
Q. For the record, how would you
rate a job offer from General Electric?
A. I've tried to get across the need
for factual information and a long-
range outlook as the keys to any
good job evaluation. With respect
to the General Electric Company,
seniors and placement offices have
access to a wide variety of infor-
mation about the Company, its
professional environment and its
personnel practices. I think quali-
fied seniors will also discover that
General Electric offers professional
opportunity second to none—and
starting salaries that are competi-
tive with the average offered
throughout industry today. From
the above, you can see that I
would rate a job offer from General
Electric very highly.
Want more information about
General Electric's training pro-
grams? You can get it. together
with a copy of Dr. Saline's paper
"How to Evaluate Job Offers"
by writing to "Personalized Ca-
reer Planning." General Electric
Company. Section 959-15. Sche-
nectady 5. New York.
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